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(57) ABSTRACT

The present invention provides a broadcast signal transmit-
ting method. The method for transmitting a broadcast signal
according to the present invention may comprise: a step of
encoding data pipe (DP) data according to a code rate, the step
of encoding DP data comprising a sub-step of forward error
correction (FEC) encoding the DP data, a sub-step of bit-
interleaving the FEC encoded DP data, and a sub-step of
mapping the bit-interleaved DP data to constellation accord-
ing to the code rate; a step of generating at least one signal
frame by mapping the encoded DP data; and a step of modu-
lating data of the generated signal frame by an orthogonal
frequency division multiplexing (OFDM) scheme and trans-
mitting a broadcast signal including the modulated data of the
signal frame.
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FIG. 33

Encode DP data based on code rate

!

Generate signal frame by mapping encoded DP data

'

Modulate data of signal frame using OFDM
scheme and transmit broadcast signal

FIG. 34

Receive broadcast signal and demodulate data of
signal frame using OFDM scheme

!

Parsing signal frame by demapping DP data

!

Decode DP data based on code rate
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BROADCAST SIGNAL TRANSMITTING
METHOD, BROADCAST SIGNAL
RECEIVING METHOD, BROADCAST
SIGNAL TRANSMITTING APPARATUS, AND
BROADCAST SIGNAL RECEIVING
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an apparatus for
transmitting broadcast signals, an apparatus for receiving
broadcast signals and methods for transmitting and receiving
broadcast signals.

BACKGROUND ART

[0002] As analog broadcast signal transmission comes to
an end, various technologies for transmitting/receiving digi-
tal broadcast signals are being developed. A digital broadcast
signal may include a larger amount of video/audio data than
an analog broadcast signal and further include various types
of additional data in addition to the video/audio data.

[0003] That is, a digital broadcast system can provide HD
(high definition) images, multi-channel audio and various
additional services. However, data transmission efficiency for
transmission of large amounts of data, robustness of trans-
mission/reception networks and network flexibility in con-
sideration of mobile reception equipment need to be
improved for digital broadcast.

DISCLOSURE

Technical Problem

[0004] Accordingly, the present invention is directed to an
apparatus for transmitting broadcast signals and an apparatus
for receiving broadcast signals for future broadcast services
and methods for transmitting and receiving broadcast signals
for future broadcast services.

Technical Solution

[0005] The object of the present invention can be achieved
by providing a broadcast signal transmission method includ-
ing encoding data pipe (DP) data based on a code rate,
wherein the encoding of the DP data includes forward error
correction (FEC)-encoding the DP data, bit-interleaving the
FEC-encoded DP data, and mapping the bit-interleaved DP
data to constellations based on the code rate, generating at
least one signal frame by mapping the encoded DP data, and
modulating data of the generated signal frame using an
orthogonal frequency division multiplexing (OFDM) scheme
and transmitting a broadcast signal including the modulated
data of the signal frame.

[0006] The broadcast signal transmission method may fur-
ther include signal space diversity (SSD)-encoding the DP
data mapped to the constellations, the SSD-encoding may
include grouping the DP data mapped to the constellations in
units of N cells, and applying an NxN matrix to the grouped
N cells, and N may denote a number of dimensions of the
SSD-encoding.

[0007] N may be one of 2, 3, and 4.

[0008] IfNis3,the NxN matrix may be expressed as one of
embodiments to be described below in relation to the NxN
matrix.

[0009] The grouping of the DP data mapped to the constel-
lations in units of N cells may further include grouping each
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of real number components and imaginary number compo-
nents of the DP data mapped to the constellations, in units of
N cells.

[0010] The encoding of the DP data may further include
interleaving the DP data mapped to the constellations.

[0011] The interleaving of the DP data mapped to the con-
stellations may further include splitting the DP data into real
number components and imaginary number components and
delaying the imaginary number components, and writing the
delayed DP data in a memory based on a certain cycle T and
reading cells written in the memory using T random inter-
leavers.

[0012] Inanother aspect of the present invention, provided
herein is a broadcast signal reception method including
receiving a broadcast signal and demodulating data of a signal
frame included in the received broadcast signal, using an
orthogonal frequency division multiplexing (OFDM)
scheme, parsing the signal frame by demapping data pipe
(DP) data, and decoding the DP data based on a code rate,
wherein the decoding of the DP data includes demapping the
DP data from constellations based on the code rate, bit-
deinterleaving the DP data demapped from the constellations,
and forward error correction (FEC)-decoding the bit-deinter-
leaved DP data.

[0013] The broadcast signal reception method may further
include signal space diversity (SSD)-decoding the DP data.

[0014] A number of dimensions of the SSD-decoding may
be one of 2, 3, and 4.

[0015] The decoding of the DP data may further include
deinterleaving the DP data.

[0016] The deinterleaving of the DP data may further
include writing the DP data in a memory using T random
deinterleavers and reading the DP data written in the memory
based on a certain cycle T, and splitting the read DP data into
real number components and imaginary number components
and delaying the real number components.

[0017] Inanother aspect of the present invention, provided
herein is a broadcast signal transmission apparatus including
an encoding module for encoding data pipe (DP) data based
on a code rate, wherein the encoding module includes a
forward error correction (FEC) encoding module for FEC-
encoding the DP data, a bit interleaving module for bit-inter-
leaving the FEC-encoded DP data, and a constellation map-
ping module for mapping the bit-interleaved DP data to
constellations based on the code rate, a frame building mod-
ule for generating at least one signal frame by mapping the
encoded DP data, and an orthogonal frequency division mul-
tiplexing (OFDM) module for modulating data of the gener-
ated signal frame using an OFDM scheme and transmitting a
broadcast signal including the modulated data of the signal
frame.

[0018] The broadcast signal transmission apparatus may
further include a signal space diversity (SSD) encoding mod-
ule for SSD-encoding the DP data mapped to the constella-
tions, the SSD encoding module may group the DP data
mapped to the constellations in units of N cells, and apply an
NxN matrix to the grouped N cells, and N may denote a
number of dimensions of the SSD-encoding.

[0019]
[0020] IfNis 3, the NxN matrix may be expressed as one of

embodiments to be described below in relation to the NxN
matrix.

N may be one of 2, 3, and 4.
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[0021] The SSD encoding module may group each of real
number components and imaginary number components of
the DP data mapped to the constellations, in units of N cells.
[0022] The encoding module may further include an inter-
leaving module for interleaving the DP data mapped to the
constellations.

[0023] The interleaving module for interleaving the DP
data mapped to the constellations may split the DP data into
real number components and imaginary number components,
delay the imaginary number components, write the delayed
DP data in a memory based on a certain cycle T, and read cells
written in the memory using T random interleavers.

[0024] In another aspect of the present invention, provided
herein is a broadcast signal reception apparatus including an
orthogonal frequency division multiplexing (OFDM) module
for receiving a broadcast signal and demodulating data of a
signal frame included in the received broadcast signal, using
an OFDM scheme, a frame parsing module for parsing the
signal frame by demapping data pipe (DP) data, and a decod-
ing module for decoding the DP data based on a code rate,
wherein the decoding module includes a constellation
demapping module for demapping the DP data from constel-
lations based on the code rate, a bit deinterleaving module for
bit-deinterleaving the DP data demapped from the constella-
tions, and a forward error correction (FEC) decoding module
for FEC-decoding the bit-deinterleaved DP data.

[0025] The broadcast signal reception apparatus may fur-
ther include a signal space diversity (SSD) decoding module
for SSD-decoding the DP data.

[0026] A number of dimensions of the SSD-decoding may
be one of 2, 3, and 4.

[0027] The decoding module may further include a deinter-
leaving module for deinterleaving the DP data.

[0028] The deinterleaving module for deinterleaving the
DP data may write the DP data in a memory using T random
deinterleavers, read the DP data written in the memory based
on a certain cycle T, split the read DP data into real number
components and imaginary number components, and delay
the real number components.

Advantageous Effects

[0029] The present invention may provide an efficient
broadcast signal transmission method, broadcast signal
reception method, broadcast signal transmission apparatus,
and broadcast signal reception apparatus.

[0030] In addition, the present invention may improve effi-
ciency of data transmission and may increase robustness of
transmission/reception of a broadcast signal.

DESCRIPTION OF DRAWINGS

[0031] FIG. 1 illustrates a structure of an apparatus for
transmitting broadcast signals for future broadcast services
according to an embodiment of the present invention.
[0032] FIG. 2 illustrates an input formatting module
according to an embodiment of the present invention.
[0033] FIG. 3 illustrates an input formatting module
according to another embodiment of the present invention.
[0034] FIG. 4 illustrates an input formatting module
according to another embodiment of the present invention.
[0035] FIG. 5 illustrates a coding & modulation module
according to an embodiment of the present invention.
[0036] FIG. 6 illustrates a frame structure module accord-
ing to an embodiment of the present invention.
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[0037] FIG. 7 illustrates a waveform generation module
according to an embodiment of the present invention.

[0038] FIG. 8 illustrates a structure of an apparatus for
receiving broadcast signals for future broadcast services
according to an embodiment of the present invention.

[0039] FIG.9illustrates a synchronization & demodulation
module according to an embodiment of the present invention.
[0040] FIG. 10 illustrates a frame parsing module accord-
ing to an embodiment of the present invention.

[0041] FIG. 11 illustrates a demapping & decoding module
according to an embodiment of the present invention.

[0042] FIG. 12 illustrates an output processor according to
an embodiment of the present invention.

[0043] FIG. 13 illustrates an output processor according to
another embodiment of the present invention.

[0044] FIG. 14 illustrates a coding & modulation module
according to another embodiment of the present invention.
[0045] FIG. 15 illustrates a demapping & decoding module
according to another embodiment of the present invention.
[0046] FIG. 16 is a view illustrating a multi-dimensional
signal diversity (MDSD) method according to an embodi-
ment of the present invention.

[0047] FIG. 17 is a detailed block diagram of an MDSD
block according to an embodiment of the present invention,
and a rotated signal space diversity (rSSD) block.

[0048] FIG. 18 is a view illustrating precoding schemes of
MDSD according to an embodiment of the present invention
and rSSD.

[0049] FIG. 19 is a view illustrating precoding results of
MDSD according to an embodiment of the present invention
and rSSD.

[0050] FIG. 20 is a view illustrating a method for generat-
ing a 2"'-dimensional precoding matrix of MDSD according
to an embodiment of the present invention.

[0051] FIG. 21 is a view illustrating a method of generating
a 3-dimensional precoding matrix of MDSD according to an
embodiment of the present invention.

[0052] FIG. 221s ablock diagram of a demapping & decod-
ing module according to another embodiment of the present
invention.

[0053] FIG.23isablock diagram ofa coding & modulation
module according to another embodiment of the present
invention.

[0054] FIG. 24 is a view illustrating periodic and random
1/Q interleaving technology according to an embodiment of
the present invention.

[0055] FIG. 25 is a view illustrating a Q1-delay process for
2D-SSD, according to an embodiment of the present inven-
tion.

[0056] FIG. 26 is a view illustrating operation of a periodic
and random I/Q interleaver for 2D-SSD, according to an
embodiment of the present invention.

[0057] FIG. 27 is a view illustrating operation of the peri-
odic and random I/Q interleaving technology for 2D-SSD
when N is 24, according to an embodiment of the present
invention.

[0058] FIG. 28 is a view illustrating a Q2-delay process for
4D-SSD, according to an embodiment of the present inven-
tion.

[0059] FIG. 29 is a view illustrating operation of the peri-
odic and random I/Q interleaver for 4D-SSD, according to an
embodiment of the present invention.



US 2015/0365204 Al

[0060] FIG. 30 is a view illustrating operation of the peri-
odic and random 1/Q interleaving technology for 4D-SSD
when N is 24, according to an embodiment of the present
invention.

[0061] FIG. 31 is a detailed block diagram of a demapping
& decoding module according to another embodiment of the
present invention.

[0062] FIG. 32 is a view illustrating periodic and random
1/Q deinterleaving technology according to an embodiment
of the present invention.

[0063] FIG. 33 is a view illustrating a broadcast signal
transmission method according to an embodiment of the
present invention.

[0064] FIG. 34 is a view illustrating a broadcast signal
reception method according to an embodiment of the present
invention.

BEST MODE

[0065] Although most terms used in the present invention
have been selected from general ones widely used in the art,
some terms have been arbitrarily selected by the applicant and
their meanings are explained in detail in the following
description as needed. Thus, the present invention should be
understood based upon the intended meanings of the terms
rather than their simple names or meanings.

[0066] The present invention provides apparatuses and
methods for transmitting and receiving broadcast signals for
future broadcast services. Future broadcast services accord-
ing to an embodiment of the present invention include a
terrestrial broadcast service, a mobile broadcast service, a
UHDTYV service, etc. The present invention may process
broadcast signals for the future broadcast services through
non-MIMO (Multiple Input Multiple Output) or MIMO
according to one embodiment A non-MIMO scheme accord-
ing to an embodiment of the present invention may include a
MISO (Multiple Input Single Output) scheme, a SISO (Single
Input Single Output) scheme, etc.

[0067] While MISO or MIMO uses two antennas in the
following for convenience of description, the present inven-
tion is applicable to systems using two or more antennas.
[0068] FIG. 1 illustrates a structure of an apparatus for
transmitting broadcast signals for future broadcast services
according to an embodiment of the present invention.

[0069] The apparatus for transmitting broadcast signals for
future broadcast services according to an embodiment of the
present invention can include an input formatting module
1000, a coding & modulation module 1100, a frame structure
module 1200, a waveform generation module 1300 and a
signaling generation module 1400. A description will be
given of the operation of each module of the apparatus for
transmitting broadcast signals.

[0070] Referring to FIG. 1, the apparatus for transmitting
broadcast signals for future broadcast services according to
an embodiment of the present invention can receive MPEG-
TSs, IP streams (v4/v6) and generic streams (GSs) as an input
signal. In addition, the apparatus for transmitting broadcast
signals can receive management information about the con-
figuration of each stream constituting the input signal and
generate a final physical layer signal with reference to the
received management information.

[0071] The input formatting module 1000 according to an
embodiment of the present invention can classify the input
streams on the basis of a standard for coding and modulation
or services or service components and output the input
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streams as a plurality of logical data pipes (or data pipes or DP
data). The data pipe is a logical channel in the physical layer
that carries service data or related metadata, which may carry
one or multiple service(s) or service component(s). In addi-
tion, data transmitted through each data pipe may be called
DP data.

[0072] In addition, the input formatting module 1000
according to an embodiment of the present invention can
divide each data pipe into blocks necessary to perform coding
and modulation and carry out processes necessary to increase
transmission efficiency or to perform scheduling. Details of
operations of the input formatting module 1000 will be
described later.

[0073] The coding & modulation module 1100 according
to an embodiment of the present invention can perform for-
ward error correction (FEC) encoding on each data pipe
received from the input formatting module 1000 such that an
apparatus for receiving broadcast signals can correct an error
that may be generated on a transmission channel. In addition,
the coding & modulation module 1100 according to an
embodiment of the present invention can convert FEC output
bit data to symbol data and interleave the symbol data to
correct burst error caused by a channel. As shown in FIG. 1,
the coding & modulation module 1100 according to an
embodiment of the present invention can divide the processed
data such that the divided data can be output through data
paths for respective antenna outputs in order to transmit the
data through two or more Tx antennas.

[0074] The frame structure module 1200 according to an
embodiment of the present invention can map the data output
from the coding & modulation module 1100 to signal frames.
The frame structure module 1200 according to an embodi-
ment of the present invention can perform mapping using
scheduling information output from the input formatting
module 1000 and interleave data in the signal frames in order
to obtain additional diversity gain.

[0075] The waveform generation module 1300 according
to an embodiment of the present invention can convert the
signal frames output from the frame structure module 1200
into a signal for transmission. In this case, the waveform
generation module 1300 according to an embodiment of the
present invention can insert a preamble signal (or preamble)
into the signal for detection of the transmission apparatus and
insert a reference signal for estimating a transmission channel
to compensate for distortion into the signal. In addition, the
waveform generation module 1300 according to an embodi-
ment of the present invention can provide a guard interval and
insert a specific sequence into the same in order to offset the
influence of channel delay spread due to multi-path reception.
Additionally, the waveform generation module 1300 accord-
ing to an embodiment of the present invention can perform a
procedure necessary for efficient transmission in consider-
ation of signal characteristics such as a peak-to-average
power ratio of the output signal.

[0076] The signaling generation module 1400 according to
an embodiment of the present invention generates final physi-
cal layer signaling information using the input management
information and information generated by the input format-
ting module 1000, coding & modulation module 1100 and
frame structure module 1200. Accordingly, a reception appa-
ratus according to an embodiment of the present invention
can decode a received signal by decoding the signaling infor-
mation.
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[0077] As described above, the apparatus for transmitting
broadcast signals for future broadcast services according to
one embodiment of the present invention can provide terres-
trial broadcast service, mobile broadcast service, UHDTV
service, etc. Accordingly, the apparatus for transmitting
broadcast signals for future broadcast services according to
one embodiment of the present invention can multiplex sig-
nals for different services in the time domain and transmit the
same.

[0078] FIGS. 2,3 and 4 illustrate the input formatting mod-
ule 1000 according to embodiments of the present invention.
A description will be given of each figure.

[0079] FIG. 2 illustrates an input formatting module
according to one embodiment of the present invention. FIG. 2
shows an input formatting module when the input signal is a
single input stream.

[0080] Referring to FIG. 2, the input formatting module
according to one embodiment of the present invention can
include a mode adaptation module 2000 and a stream adap-
tation module 2100.

[0081] As shown in FIG. 2, the mode adaptation module
2000 can include an input interface block 2010, a CRC-8
encoder block 2020 and a BB header insertion block 2030.
Description will be given of each block of the mode adapta-
tion module 2000.

[0082] The input interface block 2010 can divide the single
input stream input thereto into data pieces each having the
length of a baseband (BB) frame used for FEC (BCH/LDPC)
which will be performed later and output the data pieces.
[0083] The CRC-8 encoder block 2020 can perform CRC
encoding on BB frame data to add redundancy data thereto.
[0084] The BB header insertion block 2030 can insert, into
the BB frame data, a header including information such as
mode adaptation type (TS/GS/IP), a user packet length, a data
field length, user packet sync byte, start address of user packet
sync byte in data field, a high efficiency mode indicator, an
input stream synchronization field, etc.

[0085] As shown in FIG. 2, the stream adaptation module
2100 can include a padding insertion block 2110 and a BB
scrambler block 2120. Description will be given of each block
of the stream adaptation module 2100.

[0086] If data received from the mode adaptation module
2000 has a length shorter than an input data length necessary
for FEC encoding, the padding insertion block 2110 can
insert a padding bit into the data such that the data has the
input data length and output the data including the padding
bit.

[0087] The BB scrambler block 2120 can randomize the
input bit stream by performing an XOR operation on the input
bit stream and a pseudo random binary sequence (PRBS).
[0088] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions.
[0089] AsshowninFIG. 2, the input formatting module can
finally output data pipes to the coding & modulation module.
[0090] FIG. 3 illustrates an input formatting module
according to another embodiment of the present invention.
FIG. 3 shows a mode adaptation module 3000 of the input
formatting module when the input signal corresponds to mul-
tiple input streams.

[0091] The mode adaptation module 3000 of the input for-
matting module for processing the multiple input streams can
independently process the multiple input streams.

[0092] Referring to FIG. 3, the mode adaptation module
3000 for respectively processing the multiple input streams
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can include input interface blocks, input stream synchronizer
blocks 3100, compensating delay blocks 3200, null packet
deletion blocks 3300, CRC-8 encoder blocks and BB header
insertion blocks. Description will be given of each block of
the mode adaptation module 3000.

[0093] Operations of the input interface block, CRC-8
encoder block and BB header insertion block correspond to
those of the input interface block, CRC-8 encoder block and
BB header insertion block described with reference to FIG. 2
and thus description thereof is omitted.

[0094] The input stream synchronizer block 3100 can
transmit input stream clock reference (ISCR) information to
generate timing information necessary for the apparatus for
receiving broadcast signals to restore the TSs or GSs.

[0095] The compensating delay block 3200 can delay input
data and output the delayed input data such that the apparatus
for receiving broadcast signals can synchronize the input data
if a delay is generated between data pipes according to pro-
cessing of data including the timing information by the trans-
mission apparatus.

[0096] The null packet deletion block 3300 can delete
unnecessarily transmitted input null packets from the input
data, insert the number of deleted null packets into the input
data based on positions in which the null packets are deleted
and transmit the input data.

[0097] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions.
[0098] FIG. 4 illustrates an input formatting module
according to another embodiment of the present invention.

[0099] Specifically, FIG. 4 illustrates a stream adaptation
module of the input formatting module when the input signal
corresponds to multiple input streams.

[0100] The stream adaptation module of the input format-
ting module when the input signal corresponds to multiple
input streams can include a scheduler 4000, a 1-frame delay
block 4100, an in-band signaling or padding insertion block
4200, a physical layer signaling generation block 4300 and a
BB scrambler block 4400. Description will be given of each
block of the stream adaptation module.

[0101] The scheduler 4000 can perform scheduling for a
MIMO system using multiple antennas having dual polarity.
In addition, the scheduler 4000 can generate parameters for
use in signal processing blocks for antenna paths, such as a
bit-to-cell demux block, a cell interleaver block, a time inter-
leaver block, etc. included in the coding & modulation mod-
ule illustrated in FIG. 1.

[0102] The 1-frame delay block 4100 can delay the input
data by one transmission frame such that scheduling infor-
mation about the next frame can be transmitted through the
current frame for in-band signaling information to be inserted
into the data pipes.

[0103] The in-band signaling or padding insertion block
4200 can insert undelayed physical layer signaling (PLS)-
dynamic signaling information into the data delayed by one
transmission frame. In this case, the in-band signaling or
padding insertion block 4200 can insert a padding bit when a
space for padding is present or insert in-band signaling infor-
mation into the padding space. In addition, the scheduler
4000 can output physical layer signaling-dynamic signaling
information about the current frame separately from in-band
signaling information. Accordingly, a cell mapper, which will
be described later, can map input cells according to schedul-
ing information output from the scheduler 4000.
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[0104] The physical layer signaling generation block 4300
can generate physical layer signaling data which will be trans-
mitted through a preamble symbol of a transmission frame or
spread and transmitted through a data symbol other than the
in-band signaling information. In this case, the physical layer
signaling data according to an embodiment of the present
invention can be referred to as signaling information. Further-
more, the physical layer signaling data according to an
embodiment of the present invention can be divided into
PLS-pre information and PL.S-post information. The PL.S-pre
information can include parameters necessary to encode the
PLS-post information and static PLS signaling data and the
PLS-post information can include parameters necessary to
encode the data pipes. The parameters necessary to encode
the data pipes can be classified into static PLS signaling data
and dynamic PLS signaling data. The static PLS signaling
data is a parameter commonly applicable to all frames
included in a super-frame and can be changed on a super-
frame basis. The dynamic PLS signaling data is a parameter
differently applicable to respective frames included in a
super-frame and can be changed on a frame-by-frame basis.
Accordingly, the reception apparatus can acquire the PLS-
post information by decoding the PLS-pre information and
decode desired data pipes by decoding the PLS-post informa-
tion.

[0105] The BB scrambler block 4400 can generate a
pseudo-random binary sequence (PRBS) and perform an
XOR operation on the PRBS and the input bit streams to
decrease the peak-to-average power ratio (PAPR) of the out-
put signal of the waveform generation block. As shown in
FIG. 4, scrambling of the BB scrambler block 4400 is appli-
cable to both data pipes and physical layer signaling infor-
mation.

[0106] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions
according to designer.

[0107] As shown in FIG. 4, the stream adaptation module
can finally output the data pipes to the coding & modulation
module.

[0108] FIG. 5 illustrates a coding & modulation module
according to an embodiment of the present invention.

[0109] The coding & modulation module shown in FIG. 5
corresponds to an embodiment of the coding & modulation
module illustrated in FIG. 1.

[0110] As described above, the apparatus for transmitting
broadcast signals for future broadcast services according to
an embodiment of the present invention can provide a terres-
trial broadcast service, mobile broadcast service, UHDTV
service, etc.

[0111] Since QoS (quality of service) depends on charac-
teristics of a service provided by the apparatus for transmit-
ting broadcast signals for future broadcast services according
to an embodiment of the present invention, data correspond-
ing to respective services needs to be processed through dif-
ferent schemes. Accordingly, the coding & modulation mod-
ule according to an embodiment of the present invention can
independently process data pipes input thereto by indepen-
dently applying SISO, MISO and MIMO schemes to the data
pipes respectively corresponding to data paths. Conse-
quently, the apparatus for transmitting broadcast signals for
future broadcast services according to an embodiment of the
present invention can control QoS for each service or service
component transmitted through each data pipe.
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[0112] Accordingly, the coding & modulation module
according to an embodiment of the present invention can
include a first block 5000 for SISO, a second block 5100 for
MISO, a third block 5200 for MIMO and a fourth block 5300
for processing the PLS-pre/PLS-post information. The cod-
ing & modulation module illustrated in FIG. 5 is an exem-
plary and may include only the first block 5000 and the fourth
block 5300, the second block 5100 and the fourth block 5300
orthe third block 5200 and the fourth block 5300 according to
design. That is, the coding & modulation module can include
blocks for processing data pipes equally or differently accord-
ing to design.

[0113] A description will be given of each block of the
coding & modulation module.

[0114] The first block 5000 processes an input data pipe
according to SISO and can include an FEC encoder block
5010, a bit interleaver block 5020, a bit-to-cell demux block
5030, a constellation mapper block 5040, a cell interleaver
block 5050 and a time interleaver block 5060.

[0115] The FEC encoder block 5010 can perform BCH
encoding and LDPC encoding on the input data pipe to add
redundancy thereto such that the reception apparatus can
correct an error generated on a transmission channel.

[0116] The bit interleaver block 5020 can interleave bit
streams of the FEC-encoded data pipe according to an inter-
leaving rule such that the bit streams have robustness against
burst error that may be generated on the transmission channel.
Accordingly, when deep fading or erasure is applied to QAM
symbols, errors can be prevented from being generated in
consecutive bits from among all codeword bits since inter-
leaved bits are mapped to the QAM symbols.

[0117] The bit-to-cell demux block 5030 can determine the
order of input bit streams such that each bit in an FEC block
can be transmitted with appropriate robustness in consider-
ation of both the order of input bit streams and a constellation
mapping rule.

[0118] The constellation mapper block 5040 can map a bit
word input thereto to one constellation. In this case, the con-
stellation mapper block 5040 can additionally perform rota-
tion & Q-delay. That is, the constellation mapper block 5040
can rotate input constellations according to a rotation angle,
divide the constellations into an in-phase component and a
quadrature-phase component and delay only the quadrature-
phase component by an arbitrary value. Then, the constella-
tion mapper block 5040 can remap the constellations to new
constellations using a paired in-phase component and quadra-
ture-phase component.

[0119] The cell interleaver block 5050 can randomly inter-
leave cells corresponding to one FEC block and output the
interleaved cells such that cells corresponding to respective
FEC blocks can be output in different orders.

[0120] The time interleaver block 5060 can interleave cells
belonging to a plurality of FEC blocks and output the inter-
leaved cells. Accordingly, the cells corresponding to the FEC
blocks are dispersed and transmitted in a period correspond-
ing to a time interleaving depth and thus diversity gain can be
obtained.

[0121] The second block 5100 processes an input data pipe
according to MISO and can include the FEC encoder block,
bit interleaver block, bit-to-cell demux block, constellation
mapper block, cell interleaver block and time interleaver
block in the same manner as the first block 5000. However,
the second block 5100 is distinguished from the first block
5000 in that the second block 5100 further includes a MISO
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processing block 5110. The second block 5100 performs the
same procedure including the input operation to the time
interleaver operation as those of the first block 5000 and thus
description of the corresponding blocks is omitted.

[0122] The MISO processing block 5110 can encode input
cells according to a MISO encoding matrix providing trans-
mit diversity and output MISO-processed data through two
paths. MISO processing according to one embodiment of the
present invention can include OSTBC (orthogonal space time
block coding)/OSFBC (orthogonal space frequency block
coding, Alamouti coding).

[0123] The third block 5200 processes an input data pipe
according to MIMO and can include the FEC encoder block,
bit interleaver block, bit-to-cell demux block, constellation
mapper block, cell interleaver block and time interleaver
block in the same manner as the second block 5100, as shown
in FIG. 5. However, the data processing procedure of the third
block 5200 is different from that of the second block 5100
since the third block 5200 includes a MIMO processing block
5220.

[0124] That is, in the third block 5200, basic roles of the
FEC encoder block and the bit interleaver block are identical
to those of the first and second blocks 5000 and 5100 although
functions thereof may be different from those of the first and
second blocks 5000 and 5100.

[0125] The bit-to-cell demux block 5210 can generate as
many output bit streams as input bit streams of MIMO pro-
cessing and output the output bit streams through MIMO
paths for MIMO processing. In this case, the bit-to-cell
demux block 5210 can be designed to optimize the decoding
performance of the reception apparatus in consideration of
characteristics of LDPC and MIMO processing.

[0126] Basic roles of the constellation mapper block, cell
interleaver block and time interleaver block are identical to
those of the first and second blocks 5000 and 5100 although
functions thereof may be different from those of the first and
second blocks 5000 and 5100. As shown in FIG. 5, as many
constellation mapper blocks, cell interleaver blocks and time
interleaver blocks as the number of MIMO paths for MIMO
processing can be present. In this case, the constellation map-
per blocks, cell interleaver blocks and time interleaver blocks
can operate equally or independently for data input through
the respective paths.

[0127] The MIMO processing block 5220 can perform
MIMO processing on two input cells using a MIMO encoding
matrix and output the MIMO-processed data through two
paths. The MIMO encoding matrix according to an embodi-
ment of the present invention can include spatial multiplex-
ing, Golden code, full-rate full diversity code, linear disper-
sion code, etc.

[0128] The fourth block 5300 processes the PL.S-pre/PLS-
post information and can perform SISO or MISO processing.
[0129] The basic roles of the bit interleaver block, bit-to-
cell demux block, constellation mapper block, cell interleaver
block, time interleaver block and MISO processing block
included in the fourth block 5300 correspond to those of the
second block 5100 although functions thereof may be differ-
ent from those of the second block 5100.

[0130] A shortened/punctured FEC encoder block 5310
included in the fourth block 5300 can process PLS data using
an FEC encoding scheme for a PLS path provided for a case
in which the length of input data is shorter than a length
necessary to perform FEC encoding. Specifically, the short-
ened/punctured FEC encoder block 5310 can perform BCH
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encoding on input bit streams, pad Os corresponding to a
desired input bit stream length necessary for normal LDPC
encoding, carry out LDPC encoding and then remove the
padded Os to puncture parity bits such that an effective code
rate becomes equal to or lower than the data pipe rate.
[0131] Theblocks included in the first block 5000 to fourth
block 5300 may be omitted or replaced by blocks having
similar or identical functions according to design.

[0132] As illustrated in FIG. 5, the coding & modulation
module can output the data pipes (or DP data), PLS-pre
information and PLS-post information processed for the
respective paths to the frame structure module.

[0133] FIG. 6 illustrates a frame structure module accord-
ing to one embodiment of the present invention.

[0134] The frame structure module shown in FIG. 6 corre-
sponds to an embodiment of the frame structure module 1200
illustrated in FIG. 1.

[0135] The frame structure module according to one
embodiment of the present invention can include at least one
cell-mapper 6000, at least one delay compensation module
6100 and at least one block interleaver 6200. The number of
cell mappers 6000, delay compensation modules 6100 and
block interleavers 6200 can be changed. A description will be
given of each module of the frame structure block.

[0136] Thecell-mapper 6000 can allocate cells correspond-
ing to SISO-, MISO- or MIMO-processed data pipes output
from the coding & modulation module, cells corresponding to
common data commonly applicable to the data pipes and cells
corresponding to the PLS-pre/PLS-post information to signal
frames according to scheduling information. The common
data refers to signaling information commonly applied to all
or some data pipes and can be transmitted through a specific
data pipe. The data pipe through which the common data is
transmitted can be referred to as a common data pipe and can
be changed according to design.

[0137] When the apparatus for transmitting broadcast sig-
nals according to an embodiment of the present invention
uses two output antennas and Alamouti coding is used for
MISO processing, the cell-mapper 6000 can perform pair-
wise cell mapping in order to maintain orthogonality accord-
ing to Alamouti encoding. That is, the cell-mapper 6000 can
process two consecutive cells of the input cells as one unit and
map the unit to a frame. Accordingly, paired cells in an input
path corresponding to an output path of each antenna can be
allocated to neighboring positions in a transmission frame.

[0138] The delay compensation block 6100 can obtain PL.S
data corresponding to the current transmission frame by
delaying input PLS data cells for the next transmission frame
by one frame. In this case, the PLS data corresponding to the
current frame can be transmitted through a preamble part in
the current signal frame and PLS data corresponding to the
next signal frame can be transmitted through a preamble part
in the current signal frame or in-band signaling in each data
pipe of the current signal frame. This can be changed by the
designer.

[0139] The block interleaver 6200 can obtain additional
diversity gain by interleaving cells in a transport block cor-
responding to the unit of a signal frame. In addition, the block
interleaver 6200 can perform interleaving by processing two
consecutive cells of the input cells as one unit when the
above-described pair-wise cell mapping is performed.
Accordingly, cells output from the block interleaver 6200 can
be two consecutive identical cells.



US 2015/0365204 Al

[0140] When pair-wise mapping and pair-wise interleaving
are performed, at least one cell mapper and at least one block
interleaver can operate equally or independently for data
input through the paths.

[0141] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions
according to design.

[0142] FIG. 7 illustrates a waveform generation module
according to an embodiment of the present invention.

[0143] The waveform generation module illustrated in FIG.
7 corresponds to an embodiment of the waveform generation
module 1300 described with reference to FIG. 1.

[0144] The waveform generation module according to an
embodiment of the present invention can modulate and trans-
mit as many signal frames as the number of antennas for
receiving and outputting signal frames output from the frame
structure module illustrated in FIG. 6.

[0145] Specifically, the waveform generation module illus-
trated in FIG. 7 is an embodiment of a waveform generation
module of an apparatus for transmitting broadcast signals
using m Tx antennas and can include m processing blocks for
modulating and outputting frames corresponding to m paths.
The m processing blocks can perform the same processing
procedure. A description will be given of operation of the first
processing block 7000 from among the m processing blocks.
[0146] The first processing block 7000 can include a refer-
ence signal & PAPR reduction block 7100, an inverse wave-
form transform block 7200, a PAPR reduction in time block
7300, a guard sequence insertion block 7400, a preamble
insertion block 7500, a waveform processing block 7600,
other system insertion block 7700 and a DAC (digital analog
converter) block 7800.

[0147] The reference signal insertion & PAPR reduction
block 7100 can insert a reference signal into a predetermined
position of each signal block and apply a PAPR reduction
scheme to reduce a PAPR in the time domain. If a broadcast
transmission/reception system according to an embodiment
of'the present invention corresponds to an OFDM system, the
reference signal insertion & PAPR reduction block 7100 can
use a method of reserving some active subcarriers rather than
using the same. In addition, the reference signal insertion &
PAPR reduction block 7100 may not use the PAPR reduction
scheme as an optional feature according to broadcast trans-
mission/reception system.

[0148] The inverse waveform transform block 7200 can
transform an input signal in a manner of improving transmis-
sion efficiency and flexibility in consideration of transmission
channel characteristics and system architecture. If the broad-
cast transmission/reception system according to an embodi-
ment of the present invention corresponds to an OFDM sys-
tem, the inverse waveform transform block 7200 can employ
a method of transforming a frequency domain signal into a
time domain signal through inverse FFT operation. If the
broadcast transmission/reception system according to an
embodiment of the present invention corresponds to a single
carrier system, the inverse waveform transform block 7200
may not be used in the waveform generation module.

[0149] The PAPR reduction in time block 7300 can use a
method for reducing PAPR of an input signal in the time
domain. If the broadcast transmission/reception system
according to an embodiment of the present invention corre-
sponds to an OFDM system, the PAPR reduction in time
block 7300 may use a method of simply clipping peak ampli-
tude. Furthermore, the PAPR reduction in time block 7300
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may not be used in the broadcast transmission/reception sys-
tem according to an embodiment of the present invention
since it is an optional feature.

[0150] The guard sequence insertion block 7400 can pro-
vide a guard interval between neighboring signal blocks and
insert a specific sequence into the guard interval as necessary
in order to minimize the influence of delay spread of a trans-
mission channel. Accordingly, the reception apparatus can
easily perform synchronization or channel estimation. If the
broadcast transmission/reception system according to an
embodiment of the present invention corresponds to an
OFDM system, the guard sequence insertion block 7400 may
insert a cyclic prefix into a guard interval of an OFDM sym-
bol.

[0151] The preamble insertion block 7500 can insert a sig-
nal of a known type (e.g. the preamble or preamble symbol)
agreed upon between the transmission apparatus and the
reception apparatus into a transmission signal such that the
reception apparatus can rapidly and efficiently detect a target
system signal. If the broadcast transmission/reception system
according to an embodiment of the present invention corre-
sponds to an OFDM system, the preamble insertion block
7500 can define a signal frame composed of a plurality of
OFDM symbols and insert a preamble symbol into the begin-
ning of each signal frame. That is, the preamble carries basic
PLS data and is located in the beginning of a signal frame.
[0152] The waveform processing block 7600 can perform
waveform processing on an input baseband signal such that
the input baseband signal meets channel transmission char-
acteristics. The waveform processing block 7600 may use a
method of performing square-root-raised cosine (SRRC) fil-
tering to obtain a standard for out-of-band emission of a
transmission signal. If the broadcast transmission/reception
system according to an embodiment of the present invention
corresponds to a multi-carrier system, the waveform process-
ing block 7600 may not be used.

[0153] The other system insertion block 7700 can multi-
plex signals of a plurality of broadcast transmission/reception
systems in the time domain such that data of two or more
different broadcast transmission/reception systems providing
broadcast services can be simultaneously transmitted in the
same RF signal bandwidth. In this case, the two or more
different broadcast transmission/reception systems refer to
systems providing different broadcast services. The different
broadcast services may refer to a terrestrial broadcast service,
mobile broadcast service, etc. Data related to respective
broadcast services can be transmitted through different
frames.

[0154] The DAC block 7800 can convert an input digital
signal into an analog signal and output the analog signal. The
signal output from the DAC block 7800 can be transmitted
through m output antennas. A Tx antenna according to an
embodiment of the present invention can have vertical or
horizontal polarity.

[0155] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions
according to design.

[0156] FIG. 8 illustrates a structure of an apparatus for
receiving broadcast signals for future broadcast services
according to an embodiment of the present invention.

[0157] The apparatus for receiving broadcast signals for
future broadcast services according to an embodiment of the
present invention can correspond to the apparatus for trans-
mitting broadcast signals for future broadcast services,
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described with reference to FIG. 1. The apparatus for receiv-
ing broadcast signals for future broadcast services according
to an embodiment of the present invention can include a
synchronization & demodulation module 8000, a frame pars-
ing module 8100, a demapping & decoding module 8200, an
output processor 8300 and a signaling decoding module
8400. A description will be given of operation of each module
of the apparatus for receiving broadcast signals.

[0158] The synchronization & demodulation module 8000
can receive input signals through m Rx antennas, perform
signal detection and synchronization with respect to a system
corresponding to the apparatus for receiving broadcast sig-
nals and carry out demodulation corresponding to a reverse
procedure of the procedure performed by the apparatus for
transmitting broadcast signals.

[0159] The frame parsing module 8100 can parse input
signal frames and extract data through which a service
selected by a user is transmitted. If the apparatus for trans-
mitting broadcast signals performs interleaving, the frame
parsing module 8100 can carry out deinterleaving corre-
sponding to a reverse procedure of interleaving. In this case,
the positions of a signal and data that need to be extracted can
be obtained by decoding data output from the signaling
decoding module 8400 to restore scheduling information
generated by the apparatus for transmitting broadcast signals.
[0160] The demapping & decoding module 8200 can con-
vert the input signals into bit domain data and then deinter-
leave the same as necessary. The demapping & decoding
module 8200 can perform demapping for mapping applied
for transmission efficiency and correct an error generated on
a transmission channel through decoding. In this case, the
demapping & decoding module 8200 can obtain transmission
parameters necessary for demapping and decoding by decod-
ing the data output from the signaling decoding module 8400.
[0161] The output processor 8300 can perform reverse pro-
cedures of various compression/signal processing procedures
which are applied by the apparatus for transmitting broadcast
signals to improve transmission efficiency. In this case, the
output processor 8300 can acquire necessary control infor-
mation from data output from the signaling decoding module
8400. The output of the output processor 8300 corresponds to
a signal input to the apparatus for transmitting broadcast
signals and may be MPEG-TSs, IP streams (v4 or v6) and
generic streams.

[0162] The signaling decoding module 8400 can obtain
PLS information from the signal demodulated by the syn-
chronization & demodulation module 8000. As described
above, the frame parsing module 8100, demapping & decod-
ing module 8200 and output processor 8300 can execute
functions thereof using the data output from the signaling
decoding module 8400.

[0163] FIG.9illustrates a synchronization & demodulation
module according to an embodiment of the present invention.
[0164] The synchronization & demodulation module
shown in FIG. 9 corresponds to an embodiment of the syn-
chronization & demodulation module described with refer-
ence to FIG. 8. The synchronization & demodulation module
shown in FIG. 9 can perform a reverse operation of the opera-
tion of the waveform generation module illustrated in FI1G. 7.
[0165] AsshowninFIG.9,the synchronization & demodu-
lation module according to an embodiment of the present
invention corresponds to a synchronization & demodulation
module of an apparatus for receiving broadcast signals using
m Rx antennas and can include m processing blocks for
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demodulating signals respectively input through m paths. The
m processing blocks can perform the same processing proce-
dure. A description will be given of operation of the first
processing block 9000 from among the m processing blocks.
[0166] The first processing block 9000 can include a tuner
9100, an ADC block 9200, a preamble detector 9300, a guard
sequence detector 9400, a waveform transform block 9500, a
time/frequency synchronization block 9600, a reference sig-
nal detector 9700, a channel equalizer 9800 and an inverse
waveform transform block 9900.

[0167] The tuner 9100 can select a desired frequency band,
compensate for the magnitude of a received signal and output
the compensated signal to the ADC block 9200.

[0168] The ADC block 9200 can convert the signal output
from the tuner 9100 into a digital signal.

[0169] The preamble detector 9300 can detect a preamble
(or preamble signal or preamble symbol) in order to check
whether or not the digital signal is a signal of the system
corresponding to the apparatus for receiving broadcast sig-
nals. In this case, the preamble detector 9300 can decode
basic transmission parameters received through the pre-
amble.

[0170] The guard sequence detector 9400 can detect a
guard sequence in the digital signal. The time/frequency syn-
chronization block 9600 can perform time/frequency syn-
chronization using the detected guard sequence and the chan-
nel equalizer 9800 can estimate a channel through a received/
restored sequence using the detected guard sequence.

[0171] The waveform transform block 9500 can perform a
reverse operation of inverse waveform transform when the
apparatus for transmitting broadcast signals has performed
inverse waveform transform. When the broadcast transmis-
sion/reception system according to one embodiment of the
present invention is a multi-carrier system, the waveform
transform block 9500 can perform FFT. Furthermore, when
the broadcast transmission/reception system according to an
embodiment of the present invention is a single carrier sys-
tem, the waveform transform block 9500 may not be used ifa
received time domain signal is processed in the frequency
domain or processed in the time domain.

[0172] The time/frequency synchronization block 9600
can receive output data of the preamble detector 9300, guard
sequence detector 9400 and reference signal detector 9700
and perform time synchronization and carrier frequency syn-
chronization including guard sequence detection and block
window positioning on a detected signal. Here, the time/
frequency synchronization block 9600 can feed back the out-
put signal of the waveform transform block 9500 for fre-
quency synchronization.

[0173] The reference signal detector 9700 can detect a
received reference signal. Accordingly, the apparatus for
receiving broadcast signals according to an embodiment of
the present invention can perform synchronization or channel
estimation.

[0174] Thechannel equalizer 9800 can estimate a transmis-
sion channel from each Tx antenna to each Rx antenna from
the guard sequence or reference signal and perform channel
equalization for received data using the estimated channel.
[0175] The inverse waveform transform block 9900 may
restore the original received data domain when the waveform
transform block 9500 performs waveform transform for effi-
cient synchronization and channel estimation/equalization. If
the broadcast transmission/reception system according to an
embodiment of the present invention is a single carrier sys-
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tem, the waveform transform block 9500 can perform FFT in
order to carry out synchronization/channel estimation/equal-
ization in the frequency domain and the inverse waveform
transform block 9900 can perform IFFT on the channel-
equalized signal to restore transmitted data symbols. If the
broadcast transmission/reception system according to an
embodiment of the present invention is a multi-carrier sys-
tem, the inverse waveform transform block 9900 may not be
used.

[0176] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions
according to design.

[0177] FIG. 10 illustrates a frame parsing module accord-
ing to an embodiment of the present invention.

[0178] The frame parsing module illustrated in FIG. 10
corresponds to an embodiment of the frame parsing module
described with reference to FIG. 8. The frame parsing module
shown in FIG. 10 can perform a reverse operation of the
operation of the frame structure module illustrated in FIG. 6.
[0179] As shown in FIG. 10, the frame parsing module
according to an embodiment of the present invention can
include at least one block interleaver 10000 and at least one
cell demapper 10100.

[0180] The block interleaver 10000 can deinterleave data
input through data paths of the m Rx antennas and processed
by the synchronization & demodulation module on a signal
block basis. In this case, if the apparatus for transmitting
broadcast signals performs pair-wise interleaving as illus-
trated in FIG. 8, the block interleaver 10000 can process two
consecutive pieces of data as a pair for each input path.
Accordingly, the block interleaver 10000 can output two con-
secutive pieces of data even when deinterleaving has been
performed. Furthermore, the block interleaver 10000 can per-
form a reverse operation of the interleaving operation per-
formed by the apparatus for transmitting broadcast signals to
output data in the original order.

[0181] The cell demapper 10100 can extract cells corre-
sponding to common data, cells corresponding to data pipes
and cells corresponding to PLS data from received signal
frames. The cell demapper 10100 can merge data distributed
and transmitted and output the same as a stream as necessary.
When two consecutive pieces of cell input data are processed
as a pair and mapped in the apparatus for transmitting broad-
cast signals, as shown in FIG. 6, the cell demapper 10100 can
perform pair-wise cell demapping for processing two con-
secutive input cells as one unit as a reverse procedure of the
mapping operation of the apparatus for transmitting broad-
cast signals.

[0182] In addition, the cell demapper 10100 can extract
PLS signaling data received through the current frame as
PLS-pre & PLS-post data and output the PLS-pre & PLS-post
data.

[0183] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions
according to design.

[0184] FIG.11 illustrates a demapping & decoding module
according to an embodiment of the present invention.

[0185] The demapping & decoding module shown in FIG.
11 corresponds to an embodiment of the demapping & decod-
ing module illustrated in FIG. 8. The demapping & decoding
module shown in FIG. 11 can perform a reverse operation of
the operation of the coding & modulation module illustrated
in FIG. 5.
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[0186] The coding & modulation module of the apparatus
for transmitting broadcast signals according to an embodi-
ment of the present invention can process input data pipes by
independently applying SISO, MISO and MIMO thereto for
respective paths, as described above. Accordingly, the
demapping & decoding module illustrated in FIG. 11 can
include blocks for processing data output from the frame
parsing module according to SISO, MISO and MIMO in
response to the apparatus for transmitting broadcast signals.

[0187] As shown in FIG. 11, the demapping & decoding
module according to an embodiment of the present invention
can include a first block 11000 for SISO, a second block
11100 for MISO, a third block 11200 for MIMO and a fourth
block 11300 for processing the PLS-pre/PLS-post informa-
tion. The demapping & decoding module shown in FIG. 11 is
exemplary and may include only the first block 11000 and the
fourth block 11300, only the second block 11100 and the
fourth block 11300 or only the third block 11200 and the
fourth block 11300 according to design. That is, the demap-
ping & decoding module can include blocks for processing
data pipes equally or differently according to design.

[0188] A description will be given of each block of the
demapping & decoding module.

[0189] The first block 11000 processes an input data pipe
according to SISO and can include a time deinterleaver block
11010, a cell deinterleaver block 11020, a constellation
demapper block 11030, a cell-to-bit mux block 11040, a bit
deinterleaver block 11050 and an FEC decoder block 11060.

[0190] The time deinterleaver block 11010 can perform a
reverse process of the process performed by the time inter-
leaver block 5060 illustrated in FIG. 5. That is, the time
deinterleaver block 11010 can deinterleave input symbols
interleaved in the time domain into original positions thereof.

[0191] The cell deinterleaver block 11020 can perform a
reverse process of the process performed by the cell inter-
leaver block 5050 illustrated in FIG. 5. That is, the cell
deinterleaver block 11020 can deinterleave positions of cells
spread in one FEC block into original positions thereof.

[0192] The constellation demapper block 11030 can per-
form a reverse process of the process performed by the con-
stellation mapper block 5040 illustrated in FIG. 5. That is, the
constellation demapper block 11030 can demap a symbol
domain input signal to bit domain data. In addition, the con-
stellation demapper block 11030 may perform hard decision
and output decided bit data. Furthermore, the constellation
demapper block 11030 may output a log-likelihood ratio
(LLR) of each bit, which corresponds to a soft decision value
or probability value. If the apparatus for transmitting broad-
cast signals applies a rotated constellation in order to obtain
additional diversity gain, the constellation demapper block
11030 can perform 2-dimensional LLLR demapping corre-
sponding to the rotated constellation. Here, the constellation
demapper block 11030 can calculate the LLR such that a
delay applied by the apparatus for transmitting broadcast
signals to the I or Q component can be compensated.

[0193] The cell-to-bit mux block 11040 can perform a
reverse process of the process performed by the bit-to-cell
demux block 5030 illustrated in FIG. 5. That is, the cell-to-bit
mux block 11040 can restore bit data mapped by the bit-to-
cell demux block 5030 to the original bit streams.

[0194] The bit deinterleaver block 11050 can perform a
reverse process of the process performed by the bit interleaver
5020 illustrated in FIG. 5. That is, the bit deinterleaver block
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11050 can deinterleave the bit streams output from the cell-
to-bit mux block 11040 in the original order.

[0195] The FEC decoder block 11060 can perform a
reverse process of the process performed by the FEC encoder
block 5010 illustrated in FIG. 5. That is, the FEC decoder
block 11060 can correct an error generated on a transmission
channel by performing LDPC decoding and BCH decoding.

[0196] The second block 11100 processes an input data
pipe according to MISO and can include the time deinter-
leaver block, cell deinterleaver block, constellation demapper
block, cell-to-bit mux block, bit deinterleaver block and FEC
decoder block in the same manner as the first block 11000, as
shown in FIG. 11. However, the second block 11100 is dis-
tinguished from the first block 11000 in that the second block
11100 further includes a MISO decoding block 11110. The
second block 11100 performs the same procedure including
time deinterleaving operation to outputting operation as the
first block 11000 and thus description of the corresponding
blocks is omitted.

[0197] The MISO decoding block 11110 can perform a
reverse operation of the operation of the MISO processing
block 5110 illustrated in FIG. 5. If the broadcast transmis-
sion/reception system according to an embodiment of the
present invention uses STBC, the MISO decoding block
11110 can perform Alamouti decoding.

[0198] The third block 11200 processes an input data pipe
according to MIMO and can include the time deinterleaver
block, cell deinterleaver block, constellation demapper block,
cell-to-bit mux block, bit deinterleaver block and FEC
decoder block in the same manner as the second block 11100,
as shown in FIG. 11. However, the third block 11200 is
distinguished from the second block 11100 in that the third
block 11200 further includes a MIMO decoding block 11210.
The basic roles of the time deinterleaver block, cell deinter-
leaver block, constellation demapper block, cell-to-bit mux
block and bit deinterleaver block included in the third block
11200 are identical to those of the corresponding blocks
included in the first and second blocks 11000 and 11100
although functions thereof may be different from the first and
second blocks 11000 and 11100.

[0199] The MIMO decoding block 11210 can receive out-
put data of the cell deinterleaver for input signals of the m Rx
antennas and perform MIMO decoding as a reverse operation
of the operation of the MIMO processing block 5220 illus-
trated in FIG. 5. The MIMO decoding block 11210 can per-
form maximum likelihood decoding to obtain optimal decod-
ing performance or carry out sphere decoding with reduced
complexity. Otherwise, the MIMO decoding block 11210 can
achieve improved decoding performance by performing
MMSE detection or carrying out iterative decoding with
MMSE detection.

[0200] The fourth block 11300 processes the PLS-pre/
PLS-post information and can perform SISO or MISO decod-
ing. The fourth block 11300 can carry out a reverse process of
the process performed by the fourth block 5300 described
with reference to FIG. 5.

[0201] The basic roles of the time deinterleaver block, cell
deinterleaver block, constellation demapper block, cell-to-bit
mux block and bit deinterleaver block included in the fourth
block 11300 are identical to those of the corresponding
blocks of the first, second and third blocks 11000, 11100 and
11200 although functions thereof may be different from the
first, second and third blocks 11000, 11100 and 11200.
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[0202] The shortened/punctured FEC decoder 11310
included in the fourth block 11300 can perform a reverse
process of the process performed by the shortened/punctured
FEC encoder block 5310 described with reference to FIG. 5.
That is, the shortened/punctured FEC decoder 11310 can
perform de-shortening and de-puncturing on data shortened/
punctured according to PLS data length and then carry out
FEC decoding thereon. In this case, the FEC decoder used for
data pipes can also be used for PLS. Accordingly, additional
FEC decoder hardware for the PLS only is not needed and
thus system design is simplified and efficient coding is
achieved.

[0203] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions
according to design.

[0204] The demapping & decoding module according to an
embodiment of the present invention can output data pipes
and PLS information processed for the respective paths to the
output processor, as illustrated in FIG. 11.

[0205] FIGS. 12 and 13 illustrate output processors accord-
ing to embodiments of the present invention.

[0206] FIG. 12 illustrates an output processor according to
an embodiment of the present invention.

[0207] The output processor illustrated in FIG. 12 corre-
sponds to an embodiment of the output processor illustrated
in FIG. 8. The output processor illustrated in FIG. 12 receives
a single data pipe output from the demapping & decoding
module and outputs a single output stream. The output pro-
cessor can perform a reverse operation of the operation of the
input formatting module illustrated in FIG. 2.

[0208] The output processor shown in FIG. 12 can include
a BB scrambler block 12000, a padding removal block 12100,
a CRC-8 decoder block 12200 and a BB frame processor
block 12300.

[0209] The BB scrambler block 12000 can descramble an
input bit stream by generating the same PRBS as that used in
the apparatus for transmitting broadcast signals for the input
bit stream and carrying out an XOR operation on the PRBS
and the bit stream.

[0210] The padding removal block 12100 can remove pad-
ding bits inserted by the apparatus for transmitting broadcast
signals as necessary.

[0211] The CRC-8 decoder block 12200 can check a block
error by performing CRC decoding on the bit stream received
from the padding removal block 12100.

[0212] The BB frame processor block 12300 can decode
information transmitted through a BB frame header and
restore MPEG-TSs, IP streams (v4 or v6) or generic streams
using the decoded information.

[0213] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions
according to design.

[0214] FIG. 13 illustrates an output processor according to
another embodiment of the present invention.

[0215] The output processor shown in FIG. 13 corresponds
to an embodiment of the output processor illustrated in FIG.
8. The output processor shown in FIG. 13 receives multiple
data pipes output from the demapping & decoding module.
Decoding multiple data pipes can include a process of merg-
ing common data commonly applicable to a plurality of data
pipes and data pipes related thereto and decoding the same or
a process of simultaneously decoding a plurality of services
or service components (including a scalable video service) by
the apparatus for receiving broadcast signals.
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[0216] The output processor shown in FIG. 13 can include
a BB descrambler block, a padding removal block, a CRC-8
decoder block and a BB frame processor block as the output
processor illustrated in FIG. 12. The basic roles of these
blocks correspond to those of the blocks described with ref-
erence to FIG. 12 although operations thereof may differ from
those of the blocks illustrated in FIG. 12.

[0217] A de-jitter buffer block 13000 included in the output
processor shown in FIG. 13 can compensate for a delay,
inserted by the apparatus for transmitting broadcast signals
for synchronization of multiple data pipes, according to a
restored TTO (time to output) parameter.

[0218] A null packet insertion block 13100 can restore a
null packet removed from a stream with reference to a
restored DNP (deleted null packet) and output common data.
[0219] A TS clock regeneration block 13200 can restore
time synchronization of output packets based on ISCR (input
stream time reference) information.

[0220] A TS recombining block 13300 can recombine the
common data and data pipes related thereto, output from the
null packet insertion block 13100, to restore the original
MPEG-TSs, IP streams (v4 or v6) or generic streams. The
TTO, DNT and ISCR information can be obtained through
the BB frame header.

[0221] An in-band signaling decoding block 13400 can
decode and output in-band physical layer signaling informa-
tion transmitted through a padding bit field in each FEC frame
of a data pipe.

[0222] The output processor shown in FIG. 13 can BB-
descramble the PLS-pre information and PLS-post informa-
tionrespectively input through a PL.S-pre path and a PLS-post
path and decode the descrambled data to restore the original
PLS data. The restored PLS data is delivered to a system
controller included in the apparatus for receiving broadcast
signals. The system controller can provide parameters neces-
sary for the synchronization & demodulation module, frame
parsing module, demapping & decoding module and output
processor module of the apparatus for receiving broadcast
signals.

[0223] The above-described blocks may be omitted or
replaced by blocks having similar r identical functions
according to design.

[0224] FIG. 14 illustrates a coding & modulation module
according to another embodiment of the present invention.
[0225] The coding & modulation module shown in FIG. 14
corresponds to another embodiment of the coding & modu-
lation module illustrated in FIGS. 1 to 5.

[0226] To control QoS for each service or service compo-
nent transmitted through each data pipe, as described above
with reference to FIG. 5, the coding & modulation module
shown in FIG. 14 can include a first block 14000 for SISO, a
second block 14100 for MISO, a third block 14200 for MIMO
and a fourth block 14300 for processing the PLS-pre/PLS-
post information. In addition, the coding & modulation mod-
ule can include blocks for processing data pipes equally or
differently according to the design. The first to fourth blocks
14000 to 14300 shown in FIG. 14 are similar to the first to
fourth blocks 5000 to 5300 illustrated in FIG. 5.

[0227] However, the first to fourth blocks 14000 to 14300
shown in FIG. 14 are distinguished from the first to fourth
blocks 5000 to 5300 illustrated in FIG. 5 in that a constella-
tion mapper 14010 included in the first to fourth blocks 14000
to 14300 has a function different from the first to fourth
blocks 5000 to 5300 illustrated in FIG. 5, a rotation & 1/Q
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interleaver block 14020 is present between the cell interleaver
and the time interleaver of the first to fourth blocks 14000 to
14300 illustrated in FIG. 14 and the third block 14200 for
MIMO has a configuration different from the third block 5200
for MIMO illustrated in FIG. 5. The following description
focuses on these differences between the first to fourth blocks
14000 to 14300 shown in FIG. 14 and the first to fourth blocks
5000 to 5300 illustrated in FIG. 5.

[0228] The constellation mapper block 14010 shown in
FIG. 14 can map an input bit word to a complex symbol.
However, the constellation mapper block 14010 may not
perform constellation rotation, differently from the constel-
lation mapper block shown in FIG. 5. The constellation map-
per block 14010 shown in FIG. 14 is commonly applicable to
the first, second and third blocks 14000, 14100 and 14200, as
described above.

[0229] The rotation & 1/Q interleaver block 14020 can
independently interleave in-phase and quadrature-phase
components of each complex symbol of cell-interleaved data
output from the cell interleaver and output the in-phase and
quadrature-phase components on a symbol-by-symbol basis.
The number of number of input data pieces and output data
pieces of the rotation & 1/Q interleaver block 14020 is two or
more which can be changed by the designer. In addition, the
rotation & 1/Q interleaver block 14020 may not interleave the
in-phase component.

[0230] The rotation & 1/Q interleaver block 14020 is com-
monly applicable to the first to fourth blocks 14000 to 14300,
as described above. In this case, whether or not the rotation &
1/Q interleaver block 14020 is applied to the fourth block
14300 for processing the PLS-pre/post information can be
signaled through the above-described preamble.

[0231] The third block 14200 for MIMO can include a
Q-block interleaver block 14210 and a complex symbol gen-
erator block 14220, as illustrated in FIG. 14.

[0232] The Q-block interleaver block 14210 can permute a
parity part of an FEC-encoded FEC block received from the
FEC encoder. Accordingly, a parity part of an LDPC H matrix
can be made into a cyclic structure like an information part.
The Q-block interleaver block 14210 can permute the order of
output bit blocks having Q size of the LDPC H matrix and
then perform row-column block interleaving to generate final
bit streams.

[0233] The complex symbol generator block 14220
receives the bit streams output from the Q-block interleaver
block 14210, maps the bit streams to complex symbols and
outputs the complex symbols. In this case, the complex sym-
bol generator block 14220 can output the complex symbols
through at least two paths. This can be modified by the
designer.

[0234] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions
according to design.

[0235] The coding & modulation module according to
another embodiment of the present invention, illustrated in
FIG. 14, can output data pipes, PLS-pre information and
PLS-post information processed for respective paths to the
frame structure module.

[0236] FIG. 15 illustrates a demapping & decoding module
according to another embodiment of the present invention.
[0237] The demapping & decoding module shown in FIG.
15 corresponds to another embodiment of the demapping &
decoding module illustrated in FIG. 11. The demapping &
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decoding module shown in FIG. 15 can perform a reverse
operation of the operation of the coding & modulation mod-
ule illustrated in FIG. 14.

[0238] As shown in FIG. 15, the demapping & decoding
module according to another embodiment of the present
invention can include a first block 15000 for SISO, a second
block 11100 for MISO, a third block 15200 for MIMO and a
fourth block 14300 for processing the PLS-pre/PLS-post
information. In addition, the demapping & decoding module
can include blocks for processing data pipes equally or dif-
ferently according to design. The first to fourth blocks 15000
to 15300 shown in FIG. 15 are similar to the first to fourth
blocks 11000 to 11300 illustrated in FIG. 11.

[0239] However, the first to fourth blocks 15000 to 15300
shown in FIG. 15 are distinguished from the first to fourth
blocks 11000 to 11300 illustrated in FIG. 11 in that an I/Q
deinterleaver and derotation block 15010 is present between
the time interleaver and the cell deinterleaver of the first to
fourth blocks 15000 to 15300, a constellation mapper 15010
included in the first to fourth blocks 15000 to 15300 has a
function different from the first to fourth blocks 11000 to
11300 illustrated in FIG. 11 and the third block 15200 for
MIMO has a configuration different from the third block
11200 for MIMO illustrated in FIG. 11. The following
description focuses on these differences between the first to
fourth blocks 15000 to 15300 shown in FIG. 15 and the first
to fourth blocks 11000 to 11300 illustrated in FIG. 11.
[0240] The I/Q deinterleaver & derotation block 15010 can
perform a reverse process of the process performed by the
rotation & I/Q interleaver block 14020 illustrated in FIG. 14.
That is, the I/Q deinterleaver & derotation block 15010 can
deinterleave 1 and Q components I/Q-interleaved and trans-
mitted by the apparatus for transmitting broadcast signals and
derotate complex symbols having the restored I and Q com-
ponents.

[0241] The I/Q deinterleaver & derotation block 15010 is
commonly applicable to the first to fourth blocks 15000 to
15300, as described above. In this case, whether or not the I/Q
deinterleaver & derotation block 15010 is applied to the
fourth block 15300 for processing the PL.S-pre/post informa-
tion can be signaled through the above-described preamble.
[0242] The constellation demapper block 15020 can per-
form a reverse process of the process performed by the con-
stellation mapper block 14010 illustrated in FIG. 14. That is,
the constellation demapper block 15020 can demap cell-
deinterleaved data without performing derotation.

[0243] The third block 15200 for MIMO can include a
complex symbol parsing block 15210 and a Q-block deinter-
leaver block 15220, as shown in FIG. 15.

[0244] The complex symbol parsing block 15210 can per-
form a reverse process of the process performed by the com-
plex symbol generator block 14220 illustrated in FIG. 14.
That is, the complex symbol parsing block 15210 can parse
complex data symbols and demap the same to bit data. In this
case, the complex symbol parsing block 15210 can receive
complex data symbols through at least two paths.

[0245] The Q-block deinterleaver block 15220 can perform
a reverse process of the process carried out by the Q-block
interleaver block 14210 illustrated in FIG. 14. That is, the
Q-block deinterleaver block 15220 can restore Q size blocks
according to row-column deinterleaving, restore the order of
permuted blocks to the original order and then restore posi-
tions of parity bits to original positions according to parity
deinterleaving.
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[0246] The above-described blocks may be omitted or
replaced by blocks having similar or identical functions
according to design.

[0247] Asillustrated in FIG. 15, the demapping & decoding
module according to another embodiment of the present
invention can output data pipes and PLS information pro-
cessed for respective paths to the output processor.

[0248] FIG. 16 is a view illustrating a multi-dimensional
signal diversity method according to an embodiment of the
present invention.

[0249] Hereinafter, the multi-dimensional signal diversity
method is abbreviated to MDSD.

[0250] MDSD according to an embodiment of the present
invention may be performed by an MDSD block. The MDSD
block may correspond to the above-described constellation
mapper block of the coding & modulation module. In addi-
tion, according to another embodiment, the MDSD block
may be added as a new block next to the above-described
constellation mapper block. When added as a new block, the
MDSD block may exclude the constellation mapper. That is,
the MDSD block may include only an IQ demux, S2P blocks
for I and Q signals, LPs, P2S blocks for the I and Q signals,
and/or an IQ mux, which will be described below. The MDSD
block excluding the constellation mapper may be a block
corresponding to a conventional signal space diversity (SSD)
block. That is, MDSD according to an embodiment of the
present invention may be a new technology of conventional
SSD.

[0251] MDSD (i.e., multi-dimensional signal diversity) is a
coding method for acquiring signal diversity gain in the
above-described future broadcasting system. In addition, if
MDSD is used, a broadcasting system capable of robust sig-
nal transmission/reception even on fading channels in single-
input single-output (SISO) or multiple-input single-output
(MISO) mode.

[0252] The blocks of the future broadcasting system, i.e.,
the FEC encoder, bit interleaver, bit to cell demux, cell inter-
leaver, time interleaver, etc., may operate as described above.
When the blocks of the future broadcasting system are used
together with the MDSD block, some blocks may be omitted
or replaced by other blocks. (For example, the cell interleaver
block may be omitted.)

[0253] FIG. 17 is a detailed block diagram of the MDSD
block according to an embodiment of the present invention,
and a rotated signal space diversity (SSD) block.

[0254] Thedetailed block diagram of the rotated SSD block
may illustrate signal space diversity encoding of a legacy
technology. Rotated SSD may correspond to conventional
SSD. Rotated SSD may refer to a legacy SSD technology.

[0255] Hereinafter, rotated SSD is abbreviated to rSSD.

[0256] In this figure, the detailed block diagram of the
MDSD block is marked “Proposed 1Q-independently pre-
coded signal diversity scheme”. In addition, in this figure, the
detailed block diagram of the rSSD block is marked “rotated
signal space diversity (SSD) scheme”.

[0257] Here, N denotes dimensions of signal diversity, or
the number of dimensions thereof. S2P denotes serial-to-
parallel conversion. LP denotes a linear precoder. P2S
denotes parallel-to-serial conversion. 1Q-P2S denotes 1Q
respective parallel-to-serial conversion. 1Q-CI denotes 1Q
component interleaving.
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[0258] Thedetailed block diagram of the MDSD block may
include a constellation mapper, an 1Q demux, S2P blocks for
Tand Q signals, LPs, P2S blocks forthe [ and Q signals, and/or
an 1Q mux.

[0259] The constellation mapper may perform the same
operation as the above-described constellation mapper block.
Initially, a bit-to-cell demux block determines and outputs the
order of an input bitstream to the constellation mapper in
consideration of both the order of the input bitstream and
constellation mapping rules to allow bits within a forward
error correction (FEC) block to be transmitted with appropri-
ate robustness. The constellation mapper may form {Cn} by
mapping the received bits to one constellation on a bit word
basis. Here, the constellation may correspond to one point on
a complex plane.

[0260] The IQ demux may receive {Cn} and split the same
into I components and Q components. This serves to achieve
different diversity gains for the I and Q components.

[0261] The split I and Q components are separately input to
the S2P blocks. The S2P block may receive the I or Q com-
ponents which are input in series, and output the same in
parallel (serial-to-parallel conversion).

[0262] The output parallel I and Q components are sepa-
rately input to the LPs. The LP may group N input signals,
multiply the same by an NxN matrix, and output a result
thereof to achieve multi-dimensional signal diversity. This is
called linear precoding. In this case, the NxN matrix has real
numbers as elements, and is designed orthonormally. That is,
the matrix is designed in such a manner that row vectors are
orthogonal to each other and a power sum of elements of each
row is 1. As such, input power equals output power, and an
inverse matrix is always present to enable decoding. In this
case, the matrix applied to the I components does not always
need to be the same as that applied to the Q components. The
NxN matrix is multiplied to spread energy of one input ele-
ment to N output elements, thus enabling restoration even
when a few of the elements are broken, i.e., signal diversity.

[0263] The linear-precoded I and Q components are sepa-
rately input to the P2S blocks. The P2S block may receive the
T or Q components which are input in parallel, and output the
same in series (parallel-to-serial conversion).

[0264] The IQ mux may output {C'n} by combining the
received I and Q components.

[0265] As such, different diversity gains may be achieved
for the I and Q components. In general, I and Q components
are designed to have the same diversity gain and effect, and
the same matrix is applied to the I and Q components in this
case. If the same matrix is applied to the I and Q components,
the IQ demux and mux may be omitted, {Cn} is directly input
to the S2P block, each group of N is input to the LP block, and
then the linear-precoded N cells are formed as {C'n} by the
P2S block.

[0266] The detailed block diagram of the rSSD block may
include a constellation mapper, an S2P block, an 1Q demux,
an LP, an IQ-P2S block, a Q-delay/IQ-CI block, and/or an IQ
mux.

[0267] The rSSD block performs 2x2 precoding by select-
ing one component among the I components and one compo-
nent among the Q components to achieve 2-dimensional (2D)
diversity. Alternatively, the rSSD block may perform 4x4
precoding by selecting two components among the I compo-
nents and two components among the Q components to
achieve 2D diversity. Here, in the case of 2D, since I and Q
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components of one cell are precoded, separate S2P blocks are
not necessary for the I and Q components.

[0268] ThelQ-P2S block receives the linear-precoded I and
Q components and outputs the same in series (parallel-to-
serial conversion).

[0269] Inthe case of rSSD, Q-delay or IQ component inter-
leaving (IQ-CI) is necessary to allow a precoded result to be
interleaved to experience channels having no correlation. The
Q-delay block delays the Q components, and the IQ-CI block
interleaves the I and Q components.

[0270] Then, the IQ mux may output {C'n} by combining
the received I and Q components.

[0271] FIG. 18 is a view illustrating precoding schemes of
MDSD according to an embodiment of the present invention
and rSSD.

[0272] In this figure, the precoding scheme of MDSD is
marked “Proposed 1Q-independent precoder”. In addition, in
this figure, the precoding scheme of rSSD is marked “rotated
SSD based precoder”.

[0273] InMDSD, precoding is applied independently to the
I and Q components as described above. Accordingly, the
dimension does not need to be an even number such as 2 or 4,
and 3-dimensional (3D) precoding is also enabled. However,
in the precoding scheme of legacy rSSD, the I and Q compo-
nents are precoded together as described above. Accordingly,
only precoding of an even number of dimensions is enabled.

[0274] Although not shown in this figure, according to
MDSD, the order of precoding for the I components may be
configured differently from that for the Q components
because precoding is applied independently to the I and Q
components in the case of MDSD as described above. For
example, 3D precoding may be applied to the I components
and 2D precoding may be applied to the Q components.

[0275] If N corresponding to the size of the precoding
matrix is increased, since a single piece of information is split
into and transmitted as multiple pieces of information, an
effect ot high diversity may be achieved and the effect is large
on fading channels. However, if N is increased, hardware
(H/W) complexity is increased exponentially. In addition,
even when N is increased, performance improvement con-
verges above a certain value. Based on simulations, remark-
able performance improvement is shown when N<=4, and
insufficient performance improvement or even performance
degradation is shown when N is increased further. Since
signal diversity refers to splitting of a part of signal power into
multiple levels to experience different fading channels, high
diversity in a low signal-to-noise ratio (SNR) environment
may lead to performance degradation.

[0276] FIG. 19 is a view illustrating precoding results of
MDSD according to an embodiment of the present invention
and rSSD.

[0277] In this figure, the precoding result of MDSD is
marked “Proposed 1Q-independent precoder”. In addition, in
this figure, the precoding result of rSSD is marked “rotated
SSD based precoder”.

[0278] This figure illustrates results achieved when a 2x2
precoding matrix (2D) and a 4x4 precoding matrix (4D) are
applied using MDSD and rSSD.

[0279] According to MDSD, N cells are used for N dimen-
sions because the 1 and Q components are independently
precoded and, when input has a shape of square QAM, output
also has a shape of square QAM. This figure shows that
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results of 2D precoding and 4D precoding according to
MDSD have a shape of square QAM. Each point in this figure
may refer to a constellation.

[0280] Inthecase of rSSD, N/2 cells are used for precoding
of N dimensions. As illustrated in this figure, in the case of
2D, if an orthogonal matrix is applied, output has a shape in
which input square QAM is rotated. This may slightly vary
depending on a precoding matrix. As illustrated in this figure,
in the case of 4D, 2 cells are input and 2 cells are output.
[0281] An advantage of MDSD is that constellations of
precoded cells have a shape of square QAM and thus active
constellation extension (ACE) is easily usable.

[0282] ACE is one scheme for reducing a peak-to-average
power ratio (PAPR) when an OFDM waveform generation
scheme is used. A brief description is now given of the ACE
scheme. After an OFDM waveform is generated, if a part
having power greater than a preset threshold is clipped, this
will be expressed as distortion of a transmission signal. When
distortion is allowed only within a range which does not
influence decision (a shaded region indicated by an arrow in
this figure), if an OFDM waveform is generated again using
the distorted signal, peak power will be reduced by a certain
degree. Accordingly, this process may be repeated multiple
times to reduce the PAPR as much as possible.

[0283] As shown in the above description of the ACE
scheme, if ACE is applied, constellations move within arange
which does not influence decision and thus slight perfor-
mance degradation is generated. To achieve the minimum
performance degradation, constellations should move within
a range which influences decision as least as possible. To
achieve the minimum influence on decision, constellations
after mapping should have a shape of square QAM.

[0284] Accordingly, if MDSD is used, the ACE scheme
may be easily used.

[0285] Another advantage of MDSD is that precoding for
achieving signal diversity of an odd number of dimensions is
also enabled. That is, 3D precoding is enabled.

[0286] FIG. 20 is a view illustrating a method for generat-
ing a 2"'-dimensional precoding matrix of MDSD according
to an embodiment of the present invention.

[0287] Although MDSD according to the present invention
may arbitrarily have N as described above, this document
describes a method for generating a precoding matrix for
N=2,3, 4,8, 16, . ... In general, when N is expressed as a
power of 2 (2™), the precoding matrix may be easily generated
using the Hadamard form. A method for generating a separate
precoding matrix in the case of N=3 will be described below.
That is, the current embodiment proposes a method for gen-
erating a precoding matrix for all usable values of N (<=4) in
consideration of H/W complexity.

[0288] A description is now given of the method for gen-
erating a 2"'-dimensional precoding matrix of MDSD.

[0289] The precoding matrix is designed to satisfy two
conditions described below. One is that the precoding matrix
should be an orthonormal matrix. That is, elements of each
row should have a power sum of I and should be orthogonal to
each other. The other is that dominant elements of rows (ele-
ments a in this figure) should be located at diagonal positions.
A diagonal element means the influence of an n” input ele-
ment on an n™ output element, and an off-diagonal element
means the influence on ani” output element (where i is not n),
i.e., the size of a part of an original signal carried in another
signal (path) for diversity. In this method, a ratio s therebe-
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tween may be constant to an off-diagonal position irrespec-
tive of the distance (correlation) between elements.

[0290] A 2x2 orthonormal matrix may have two types of
rotation and reflection. Here, the relationship between a and b
is as given by (1) of this figure. Here, s may be defined as
given by (2) of this figure, and then may be determined
through bit-interleaved coded modulation (BICM) capacity
analysis and simulation on fading channels. A 2™-dimen-
sional matrix may be generated by recursively increasing the
size of a 2x2 base matrix, A,. That is, B, may be calculated
using B, and A, may be generated using A, and B,. Here, the
relationship between a and b is as given by (3) of this figure.
Likewise, s is defined as given by (4) of this figure, and then
an optimal value of s is determined through BICM capacity
analysis and simulation. In this manner, a 2m-dimensional
precoding matrix may be generated. Here, on the assumption
of a maximum-likelihood (ML) receiver, reception perfor-
mance may be determined based on an absolute value of s
(Ish.

[0291] FIG. 21 is a view illustrating a method of generating
a 3-dimensional precoding matrix of MDSD according to an
embodiment of the present invention.

[0292] Like the above-described method for generating a
2™-dimensional precoding matrix, dominant elements a are
located at diagonal positions of a base matrix. An N* row
vector may be generated by circular-right-shifting a 1% row
vector (N-1) times. Here, a, b, and ¢ may have the relation-
ships given by (1) and (2) of this figure. As given by (3) of this
figure, based on a combination of signs, orthogonal charac-
teristics among row vectors may be expressed as a sum of ab,
be, and ca. If s1 and s2 are defined as given by (4) of this
figure, (3) of this figure may be expressed as given by (5). In
(5) of'this figure, s2 is determined based on s1. That is, only
s1 is a variable. As such, like the above-described method for
generating a 2™-dimensional precoding matrix, optimal sl
may be calculated through analysis and simulation. Here,
search ranges of sl and s2 may be limited to Isll<=1 and
Is2|<=1 as given by (1) of this figure. For example, a solution
of'(s1,s2) may be (0.1111 ..., -0.1).

[0293] A variety of base matrices may be present depend-
ing on the signs of a, b, and c. This figure shows three more
examples. However, an inner product among row vectors
should be expressed as one expression. In the three examples
of'this figure, ab+bc-ac=0. However, the inner product is not
limited thereto and may be expressed as ab—bc+ac=0 or
ab-b-ca=0.

[0294] FIG. 22is ablock diagram of a demapping & decod-
ing module according to another embodiment of the present
invention.

[0295] Compared to the above-described demapping &
decoding module, in the demapping & decoding module
according to another embodiment of the present invention,
the constellation demapper is changed to a multi-dimensional
constellation demapper, and iterative decoding is added.
[0296] The receiver may selectively perform iterative
decoding to improve reception performance. However, itera-
tive decoding is not essential. If iterative decoding is not
performed, iterative decoding indicated by a box is not nec-
essary in this figure.

[0297] When iterative decoding is performed, extrinsic
information corresponding to the difference between an out-
put log-likelihood ratio (LLR) and an input LLR of a low
density parity check (LDPC) decoder of an FEC decoder is
calculated and transmitted to a multi-dimensional constella-
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tion demapper. The multi-dimensional constellation demap-
per may use the received extrinsic information as apriori
information for iterative decoding.

[0298] When iterative decoding is not performed, the
multi-dimensional constellation demapper performs an
inverse operation of the operation of the above-described
MDSD block. In this case, the multi-dimensional constella-
tion demapper may not use apriori information.

[0299] A description is now given of a method for calcu-
lating a log-likelihood ratio (LLR) by the receiver.

[0300] According to MDSD of the present invention, since
I and Q components are independently precoded, joint
demapping may not be necessary between the I and Q com-
ponents. However, since N I components or N Q components
are precoded together, joint demapping thereof may be nec-
essary.

[0301] If N M(=2"")-ary QAM cells are grouped and pre-
coded, N*m LLR values may be calculated per group of N.
Since each cell is able to transmit m bits, this group of N may
transmit N*m bits (b,, i=0, 1, . . ., N*m-1). When MDSD is
applied, if an i bit (b,) was a bit for determining an in-phase
component before precoding, the i bit also determines an
in-phase component after precoding. Likewise, if the i” bit
was a bit for determining a quadrature-phase component, the
i bit also determines a quadrature-phase component after
precoding. Since whether an i bit of a transmitter is an
in-phase component or a quadrature-phase component is
determined based oni and is predefined, the receiver may also
know whether the i bit is an in-phase component or a quadra-
ture-phase component. In the following description, a bit is
assumed to be an in-phase component for convenience.
[0302] Ifin-phase components ofthe N cells are denoted by
X, and O ={(X,, X, - - ., Xp. )b 7, 70, 1}, the size of the set
C, is 1C7,I=-M""2, If in-phase components of the received N
cells are denoted by I, (n=0, 1, . . ., N-1), the following
expression may be satisfied.

Expression 1

@=000@=0)

@ indicates text missingor illegiblewhen filed

[0303] Here, p denotes a channel size. Expression 1 shows
a case in which an apriori probability is given. If the apriori
probability value is not given, Pr,,,,,,.( . . . =1 in Expression
1. Iterative decoding is performed while updating the apriori
probability value through LDPC, and iterative decoding is not
performed if the apriori probability is not present. The fol-
lowing expressions show a method for extracting extrinsic
information from the LDPC decoder, and then converting the
same into an apriori probability of the multi-dimensional
constellation demapper.

Q@)-@@)
QL)y=D v -@®
@De=0=0 @e=bH=1-BDBL=0)

Expression 2
Expression 3
Expression 4

@ indicates text missingor illegiblewhen filed

[0304] If Expressions 1 to 4 are integrated, the following
expression may be obtained.
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Expression 5

LLR(b) =®{@(@@ @ = @))}

Q@@ =)

@) indicates text missingor illegiblewhen filed

[0305] AnLLR may be calculated using Expression 5. The
following expression may correspond to a scheme for calcu-
lating an LLR when iterative decoding is not performed.

Expression 6

LLR(b)@{@)(@) }

@@)

® indicates text missingor illegiblewhen filed

[0306] Expressions 5 and 6 have large complexity of cal-
culation, and thus may be simplified into the following
expressions.

z (@ Expression 7
LLR(b)*@((OH@;@)_@u@(@)]
D+ .+ (@
(D Expression 8
LLR(@HCD(M]
v
@)+...+@)
o= 5]

@ indicates text missingor illegiblewhen filed

[0307] InExpressions 7 and 8, Nnv/2 bits corresponding to
(Xgs Xy - - - Xy )may be By, By, .. ., Byyun)-
[0308] FIG.23isablock diagram ofa coding & modulation

module according to another embodiment of the present
invention.

[0309] As described above, a constellation mapper block
may allocate an input bit word to one constellation. In this
case, rotation & Q-delay may be additionally applied.
Through rotation & Q-delay, input constellations may be
rotated by a rotation angle and split into in-phase components
and quadrature-phase components, and then only the Q com-
ponents may be delayed by an arbitrary value. After that, the
newly paired I and Q components are remapped to new con-
stellations. The constellation mapper and the rotation &
Q-delay block may be omitted or replaced by other blocks
having the same or similar functions.

[0310] Asdescribed above, a cell interleaver randomly per-
mutes and outputs cells corresponding to one FEC block in
such a manner that cells corresponding to each FEC block are
output in a different order per FEC block. The cell interleaver
block may be omitted or replaced by another block having the
same or similar function.

[0311] In the coding & modulation module according to
another embodiment of the present invention, shaded blocks
are modified from those of the above-described coding &
modulation module.

[0312] The coding & modulation module according to
another embodiment of the present invention may perform
periodic and random I/Q interleaving. The periodic and ran-
dom I/Q interleaving technology may be a technology corre-
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sponding to operations of the Q-delay block and the cell
interleaver in this figure. Furthermore, according to another
embodiment, if cell interleaving is omitted, periodic and ran-
dom I/Q interleaving may be applied before time interleav-
ing. In addition, according to another embodiment, if the cell
interleaver is omitted, a time interleaver block may perform
periodic and random 1/Q interleaving. In this case, the time
interleaver block may perform only the periodic and random
1/Q interleaving operation, or perform both the periodic and
random [/Q) interleaving operation and the above-described
operation of the time interleaver block of the future broad-
casting system.

[0313] Through periodic and random 1/Q interleaving,
briefly, constellations rotated by a rotation angle may be split
into I components and Q components, only the Q components
may be delayed by an arbitrary value, and then the I and Q
components may be periodically and randomly permuted.
Unlike this block diagram, periodic and random I/Q inter-
leaving may be performed by one block. In addition, as
described above, according to another embodiment, periodic
and random [/Q interleaving may be performed by the time
interleaver. A detailed description of the operation principle
of periodic and random I/Q interleaving will be given below.
[0314] FIG. 24 is a view illustrating periodic and random
1/Q interleaving technology according to an embodiment of
the present invention.

[0315] This figure shows an embodiment in which the con-
stellation mapper block and the cell interleaver block are
replaced by a Q1/Q2-delay block and a periodic and random
1/Q interleaver as described above. Here, the periodic and
random I/Q interleaving technology may be a concept includ-
ing the Q1/Q2-delay block and the periodic and random 1/Q
interleaver. Hereinafter, the periodic and random 1/Q inter-
leaver may refer to only the periodic and random I/Q inter-
leaver block of this figure, or refer to the whole periodic and
random I/Q interleaving technology including the Q1/Q2-
delay block. The first block diagram shows single-input
single-output (SISO) mode, and the second block diagram
shows multiple-input multiple-output (MIMO) mode.
[0316] The Q1/Q2-delay block may split between in-phase
components and quadrature-phase components and then
delay only the quadrature-phase components. A delay value
in this case may be determined based on whether 2D-SSD is
used or 4D-SSD is used. The Q1-delay block may be used for
2D-SSD, and the Q2-delay block may be used for 4D-SSD.
[0317] The periodic and random 1/Q interleaver block may
periodically write output of the Q1/Q2-delay block in
memory, and randomly read the written data. A cycle used in
this case may be determined based on whether 2D-SSD is
used or 4D-SSD is used.

[0318] FIG.25is a view illustrating a Q1-delay process for
2D-SSD, according to an embodiment of the present inven-
tion.

[0319] A description is now given of an operation process
of the periodic and random 1/Q interleaving technology
including the Q1-delay block and the periodic and random
1/Q interleaver when 2D-SSD is considered. Here, the size of
memory and the number of input cells are assumed to be N.
[0320] When 2D-SSD is considered, the Q1-delay block
may delay Q components by one cell, and then an output
signal thereof may be input to the periodic and random 1/Q
interleaver. In the figure illustrating the Q1-delay process
according to an embodiment of the present invention, it is
shown that I components do not move and only the Q com-
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ponents are delayed by one cell. Since cyclic shifting is per-
formed, an (N-1)* Q component is paired with a 0” I com-
ponent.

[0321] FIG. 26 is a view illustrating operation of the peri-
odic and random I/Q interleaver for 2D-SSD, according to an
embodiment of the present invention.

[0322] When 2D-SSD is considered, the output signal of
the Q1-delay block is input to the memory, and an input cycle
in this case may be set to 2 to separate adjacent I/Q compo-
nents of 2D-SSD as far apart as possible. As such, 07, 2%, 4%
..., (N=2)" cells may be written in the memory, and then 1+,
39 5% .., (N-1)" cells may be written in the memory.
Consequently, this writing process relates to an operation for
improving periodicity of the interleaver.

[0323] Then, an interleaved signal may be finally output by
reading the signal stored in the memory, using a random
interleaver. The reading process in this case may be per-
formed based on an output index of the random interleaver.
The size of the random interleaver may be N/2, or the size of
the index generated by the random interleaver may be N/2.
Accordingly, 2 random interleavers may be necessary for the
reading process. The output memory index of the random
interleaver may be generated using a quadratic polynomial
(QP) or a pseudo-random binary sequence (PRBS). In addi-
tion, the same random interleaver may be used for 2 cycles in
consideration of a writing cycle, and the principle of the
writing process for separating adjacent I/QQ components as far
apart as possible may be constantly maintained using the
same random interleaver.

[0324] The above-described writing process may be
expressed as given by the following expression.

N . E ion 9
@k = Fmd@ . D@ . 0<k<N-1 Fpression

N: total cell number

L- |: floor operation

mod: modulus operation

(D (k): writing memory—index for the (2 cell

(?) indicates text missingor illegiblewhen filed

[0325] In addition, the above-described reading process
may be expressed as given by the following expression.

Expression 10

D@ N
@(k):(@ *\)(ZO)]modj
fork+0...®,

whete [@ (N /4] <n®[@ ¥V /)]
it 0@ ) < 5 1) )= 3D + @ (@)

for k=0, ... ,%—1,@ =0,1
N: total cell number

[-1: cell operation

mod: modulus operation

@ : an offset value (P of a quadratic polynomial(QP)
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p: reading period, i.e., (3} =2 in the case of 20 — SSD

@ (k): output value of QP for the () order
@ (k): reading memory—index for the 3 cell

@ indicates text missingor illegiblewhen filed

[0326] As shown in the above expressions, the writing pro-
cess improves spreading property of the interleaver while the
reading process improves randomness property thereof.
[0327] ) The random interleaving process generates a
memory index using, for example, a QP algorithm. In this
case, if the generated index is greater than N/2-1, the index
may not be used as a memory index value but may be dis-
carded, and the QP algorithm may be executed once again. If
are-generated index is less than N/2-1, the index may be used
as a memory index value to perform the reading process.
Here, the QP may be replaced by an arbitrary random inter-
leaver such as a PRBS.

[0328] FIG. 27 is a view illustrating operation of the peri-
odic and random 1/Q interleaving technology for 2D-SSD
when N is 24, according to an embodiment of the present
invention.

[0329] Even when N=24, periodic and random 1/Q inter-
leaving operates as described above. Q components are
delayed by one cell by the Q1-delay block, a memory writing
process is performed based on an input cycle of 2, and random
interleaving is performed through a memory reading process.
[0330] The effect of the periodic and random I/Q interleav-
ing technology may be demonstrated using the example of
N=24. When an output signal is compared to an input signal,
it is shown that the periodic and random I/Q interleaving
technology has both spreading and randomness properties.
[0331] FIG. 28 is a view illustrating a Q2-delay process for
4D-SSD, according to an embodiment of the present inven-
tion.

[0332] A description is now given of an operation process
of the periodic and random 1/Q interleaving technology
including the Q2-delay block and the periodic and random
1/Q interleaver when 4D-SSD is considered. Here, the size of
memory and the number of input cells are assumed to be N.
[0333] When 4D-SSD is considered, the Q2-delay block
may delay Q components by 2 cells, and then an output signal
thereof may be input to the periodic and random 1/Q inter-
leaver. In the figure illustrating the Q2-delay process accord-
ing to an embodiment of the present invention, it is shown that
1 components do not move and only the Q components are
delayed by 2 cells. Since cyclic shifting is performed, (N-2)”
and (N-1)" Q components are paired with 0% and 1°*I com-
ponents.

[0334] FIG. 29 is a view illustrating operation of the peri-
odic and random 1/Q interleaver for 4D-SSD, according to an
embodiment of the present invention.

[0335] When 4D-SSD is considered, the output signal of
the Q2-delay block is input to the memory and an input cycle
in this case may be set to 4 to separate I/QQ components of two
adjacent cells of 4D-SSD as far apart as possible. As such, 0%,

4% g% (N-4)" cells may be written in the memory, and
then 1%, 5%, 9% .. (N=3)" cells, 2"¢, 6™, 10", .. ., (N-2)
cells,and 379, 7%,11%, ..., (N=1)" cells may be written in the

memory. Consequently, this writing process relates to an
operation for improving periodicity of the interleaver.
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[0336] Then, an interleaved signal may be finally output by
reading the signal stored in the memory, using a random
interleaver. The reading process in this case may be per-
formed based on an output index of the random interleaver.
The size of the random interleaver may be N/4, or the size of
the index generated by the random interleaver may be N/4.
Accordingly, 4 random interleavers may be necessary for the
reading process. The output memory index of the random
interleaver may be generated using a quadratic polynomial
(QP) or a pseudo-random binary sequence (PRBS). In addi-
tion, the same random interleaver may be used for 4 cycles in
consideration of a writing cycle, and the principle of the
writing process for separating 1/Q components of two adja-
cent cells as far apart as possible may be constantly main-
tained using the same random interleaver.

[0337] The above-described writing process may be
expressed as given by the following expression.

N k E ion 11
@k = gmodk, 2@ LTJ’ O<k=N-1 Apression
N: total cell number
-|: floor operation

mod: modulus operation

@ (k): writing memory— index for the (3) cell

@ indicates text missingor illegiblewhen filed

[0338] In addition, the above-described reading process
may be expressed as given by the following expression.

@ k- 1)] dN Expression 12
od
2 2

» @ where [DWV/8)] <@ [Q WV /4)]

2w =(® +ax

fork=0 ...

<@ W= 100 0-TOD®

for k-0, ... , % @®0,1,2,3
N: total cell number
[-1: cell operation
mod: modulus operation
(®: an offset value 7 of a quadratic polynomial (QP)
(?: reading period, ie., 3) — (@ in the case of 4D —
SSD
@ (@ ): output value of QP for the (?) order
() (k): reading memory—index for the (3) cell

@ indicates text missingor illegiblewhen filed

[0339] As shown in the above expressions, the writing pro-
cess improves spreading property of the interleaver while the
reading process improves randomness property thereof.

[0340] The random interleaving process generates a
memory index using, for example, a QP algorithm. In this
case, if the generated index is greater than N/4-1, the index
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may not be used as a memory index value but may be dis-
carded, and the QP algorithm may be executed once again. If
are-generated index is less than N/4-1, the index may be used
as a memory index value to perform the reading process.
Here, the QP may be replaced by an arbitrary random inter-
leaver such as a PRBS.

[0341] FIG. 30 is a view illustrating operation of the peri-
odic and random 1/Q interleaving technology for 4D-SSD
when N is 24, according to an embodiment of the present
invention.

[0342] Even when N=24, periodic and random 1/Q inter-
leaving operates as described above. Q components are
delayed by 2 cells by the Q2-delay block, a memory writing
process is performed based on an input cycle of 4, and random
interleaving is performed through a memory reading process.
[0343] The effect of the periodic and random I/Q interleav-
ing technology may be demonstrated using the example of
N=24. When an output signal is compared to an input signal,
it is shown that the periodic and random I/Q interleaving
technology has both spreading and randomness properties.
[0344] FIG. 31 is a detailed block diagram of a demapping
& decoding module according to another embodiment of the
present invention.

[0345] As described above, a cell deinterleaver may
deinterleave cells spread within one FEC block, to original
positions thereof. The cell deinterleaver performs an inverse
operation of the operation of the cell interleaver of the trans-
mitter. In addition, an I-delay block of a constellation demap-
per block delays 1 components to restore Q components
delayed by the transmitter, to original positions thereof.
[0346] Inthe demapping & decoding module according to
another embodiment of the present invention, shaded blocks
are modified from those of the above-described demapping &
decoding module.

[0347] The demapping & decoding module according to
another embodiment of the present invention may include a
periodic and random I/Q deinterleaving process. The periodic
and random I/Q deinterleaving technology may be a technol-
ogy corresponding to operations of the cell deinterleaver and
the I-delay block in this figure. Furthermore, according to
another embodiment, if cell deinterleaving is omitted, peri-
odic and random 1/Q deinterleaving may be applied after time
deinterleaving. In addition, according to another embodi-
ment, if the cell deinterleaver is omitted, a time deinterleaver
block may perform periodic and random I/Q deinterleaving.
In this case, the time deinterleaver block may perform only
the periodic and random 1/Q deinterleaving operation, or
perform both the periodic and random I[/Q deinterleaving
operation and the above-described operation of the time
deinterleaver block of the future broadcasting system.
[0348] FIG. 32 is a view illustrating periodic and random
1/Q deinterleaving technology according to an embodiment
of the present invention.

[0349] This figure shows an embodiment in which the con-
stellation demapper block and the cell deinterleaver block are
replaced by a periodic and random I/Q deinterleaver and an
11/12 delay block as described above. Here, the periodic and
random 1/Q deinterleaving technology may be a concept
including the periodic and random 1/QQ deinterleaver and the
11/12 delay block. Hereinafter, the periodic and random 1/Q
deinterleaver may refer to only the periodic and random 1/Q
deinterleaver block of this figure, or refer to the whole peri-
odic and random I/Q deinterleaving technology including the
11/12-delay block. The first block diagram shows single-input
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single-output (SISO) mode, and the second block diagram
shows multiple-input multiple-output (MIMO) mode.

[0350] An overall operation process of the receiver may
follow an inverse operation (restoration) process compared to
the operation of the transmitter. A description of the periodic
and random 1/Q deinterleaving technology corresponding to
the invented periodic and random 1/Q interleaving technology
may be as given below.

[0351] The periodic and random I/Q deinterleaver block
randomly performs writing operation and then periodically
performs reading operation in an opposite way to the periodic
and random I/Q) interleaver of the transmitter. A mathematical
expression or algorithm used in this case may be the same as
that used by the transmitter.

[0352] Output of the periodic and random I/QQ deinterleaver
block is input to the 11/12-delay block. The I1/12-delay block
splits between in-phase components and quadrature-phase
components and then delays only the in-phase components. A
delay value in this case may be determined as 1 or 2 based on
whether 2D-SSD is used or 4D-SSD is used. The I1-delay
block may be used for 2D-SSD, and the 12-delay block may
be used for 4D-SSD. Consequently, the influence of the
Q1/Q2-delay block operating in the transmitter may be offset
by the I1/12-delay block.

[0353] FIG. 33 is a view illustrating a broadcast signal
transmission method according to an embodiment of the
present invention.

[0354] The broadcast signal transmission method accord-
ing to an embodiment of the present invention may include
encoding data pipe (DP) data based on a code rate, generating
a signal frame by mapping the encoded DP data, and/or
modulating data of the signal frame using an orthogonal
frequency division multiplexing (OFDM) scheme and trans-
mitting a broadcast signal.

[0355] The encoding of the DP data based on the code rate
may correspond to encoding data of each DP by the above-
described coding & modulation module. The encoding of the
DP data based on the code rate may include forward error
correction (FEC)-encoding the DP data, bit-interleaving the
FEC-encoded DP data, and/or mapping the bit-interleaved
DP data to constellations based on the code rate.

[0356] The FEC-encoding of the DP data may correspond
to performing FEC encoding on the DP data as described
above by the above-described FEC encoder block of the cod-
ing & modulation module.

[0357] The bit-interleaving of the FEC-encoded DP data
may correspond to performing bit interleaving on the FEC-
encoded DP data as described above by the above-described
bit interleaver block of the coding & modulation module.

[0358] The mapping of the bit-interleaved DP data to the
constellations based on the code rate may correspond to map-
ping the bit-interleaved DP data to the constellations based on
the code rate as described above by the above-described con-
stellation mapper block of the coding & modulation module.

[0359] The generating of the signal frame by mapping the
encoded DP data may correspond to generating the signal
frame by mapping the encoded DP data as described above by
the above-described frame structure module.

[0360] The modulating of the data of the signal frame using
the OFDM scheme and the transmitting of the broadcast
signal may correspond to modulating the data of the signal
frame and transmitting the broadcast signal as described
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above by the above-described waveform generation module.
In this case, the modulating may be performed using the
OFDM scheme.

[0361] The broadcast signal transmission method accord-
ing to another embodiment of the present invention may
further include signal space diversity (SSD)-encoding the DP
data mapped to the constellations. Here, the SSD-encoding
may include grouping the DP data mapped to the constella-
tions in units of N cells and/or applying an NxN matrix to the
grouped N cells. Here, N may denote the number of dimen-
sions of the SSD-encoding. Here, the SSD-encoding may be
encoding based on the above-described MDSD.

[0362] Inthebroadcastsignal transmission method accord-
ing to another embodiment of the present invention, N may be
one of 2, 3, and 4. That is, the SSD-encoding may be per-
formed on 2, 3, or 4 dimensions. Here, the SSD-encoding may
be encoding based on the above-described MDSD.

[0363] Inthebroadcastsignal transmission method accord-
ing to another embodiment of the present invention, if N is 3,
the NxN matrix may be expressed as given by the following
expression.

+a +b +c Expression 13

+c +a +b

+b +c +a

[0364] Here, a, b, and ¢ may satisty a condition expressed
as given by the following expression.

a=\ 1-b>-¢?

[0365] Inthe broadcast signal transmission method accord-
ing to another embodiment of the present invention, the
grouping of the DP data mapped to the constellations in units
of N cells may include grouping each of real number compo-
nents and imaginary number components of the DP data
mapped to the constellations, in units of N cells. That is, I
components and Q components may be split and then sepa-
rately grouped as described above.

[0366] Inthe broadcastsignal transmission method accord-
ing to another embodiment of the present invention, the
encoding of the DP data may further include interleaving the
DP data mapped to the constellations. Here, the interleaving
of'the DP data mapped to the constellations may correspond
to performing interleaving as described above by the above-
described cell interleaver block. Alternatively, the interleav-
ing of the DP data mapped to the constellations may corre-
spond to performing interleaving as described above by the
above-described time interleaver block. Otherwise, the inter-
leaving of the DP data mapped to the constellations may
correspond to performing interleaving as described above by
the above-described periodic and random I/Q interleaver. In
this case, the cell interleaver block may be omitted.

[0367] Inthebroadcastsignal transmission method accord-
ing to another embodiment of the present invention, the inter-
leaving of the DP data mapped to the constellations may
include splitting the DP data into real number components
and imaginary number components and delaying the imagi-
nary number components, and/or writing the delayed DP data
in a memory based on a certain cycle T and reading cells
written in the memory using T random interleavers. The inter-
leaving of the DP data mapped to the constellations may
correspond to performing interleaving as described above by

Expression 14
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the above-described periodic and random I/Q interleaver. The
splitting of the DP data into the real number components and
the imaginary number components and the delaying of the
imaginary number components may correspond to delaying
Q components by a certain value by the Q1 or Q2 delay block.
The writing of the delayed DP data in the memory based on
the certain cycle T and the reading of the cells written in the
memory using the T random interleavers may correspond to
performing interleaving as described above by the above-
described periodic and random 1/Q interleaver.

[0368] FIG. 34 is a view illustrating a broadcast signal
reception method according to an embodiment of the present
invention.

[0369] The broadcast signal reception method according to
an embodiment of the present invention may include receiv-
ing a broadcast signal and demodulating data of a signal
frame using an orthogonal frequency division multiplexing
(OFDM) scheme, parsing the signal frame by demapping data
pipe (DP) data, and/or decoding the DP data based on a code
rate.

[0370] The receiving of the broadcast signal and the
demodulating of the data of the signal frame using the OFDM
scheme may correspond to receiving the broadcast signal and
demodulating the data of the signal frame using the OFDM
scheme as described above by the above-described synchro-
nization & demodulation module. The above-described syn-
chronization & demodulation module may perform an
inverse operation of the operation of the waveform generation
module as described above.

[0371] The parsing of the signal frame by demapping the
DP data may correspond to parsing the signal frame by
demapping the DP data as described above by the above-
described frame parsing module.

[0372] The decoding of the DP data based on the code rate
may correspond to performing decoding based on the code
rate as described above by the above-described demapping &
decoding module. The decoding of the DP data based on the
code rate may include demapping the DP data from constel-
lations based on the code rate, bit-deinterleaving the DP data
demapped from the constellations, and/or forward error cor-
rection (FEC)-decoding the bit-deinterleaved DP data.

[0373] The demapping of the DP data from the constella-
tions based on the code rate may correspond to demapping the
DP data from the constellations based on the code rate as
described above by the above-described constellation demap-
per module.

[0374] The bit-deinterleaving of the DP data demapped
from the constellations may correspond to bit-deinterleaving
the DP data demapped from the constellations as described
above by the above-described bit deinterleaver block.

[0375] The FEC-decoding of the bit-deinterleaved DP data
may correspond to FEC-decoding the bit-deinterleaved DP
data as described above by the above-described FEC decoder
block.

[0376] Thebroadcast signal reception method according to
another embodiment of the present invention may further
include signal space diversity (SSD)-decoding the DP data.
Here, the SSD-decoding may be decoding based on the
above-described MDSD.

[0377] Inthe broadcast signal reception method according
to another embodiment of the present invention, the number

of' dimensions of the above-described SSD-decoding may be
one of 2, 3, and 4. That is, the above-described SSD-decoding
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may be performed on 2, 3, or 4 dimensions. Here, the SSD-
decoding may be decoding based on the above-described
MDSD.

[0378] In the broadcast signal reception method according
to another embodiment of the present invention, the decoding
of'the DP data may further include deinterleaving the DP data.
Here, the deinterleaving of the DP data may correspond to
performing deinterleaving as described above by the above-
described cell deinterleaver block. Alternatively, the inter-
leaving of the DP data may correspond to performing deinter-
leaving as described above by the above-described time
deinterleaver block. Otherwise, the deinterleaving of the DP
data may correspond to performing deinterleaving as
described above by the above-described periodic and random
1/Q deinterleaver. In this case, the cell deinterleaver block
may be omitted.

[0379] In the broadcast signal reception method according
to another embodiment of the present invention, the deinter-
leaving of the DP data may include writing the DP data in a
memory using T random deinterleavers and reading the DP
data written in the memory based on a certain cycle T, and/or
splitting the read DP data into real number components and
imaginary number components and delaying the real number
components. Here, the writing of the DP data in the memory
using the T random deinterleavers and the reading of the DP
data written in the memory based on the certain cycle T may
correspond to performing deinterleaving as described above
by the above-described periodic and random 1/Q deinter-
leaver. Here, the splitting of the read DP data into the real
number components and the imaginary number components
and the delaying of the real number components may corre-
spond to delaying I components by a certain value by the
above-described 11 or 12 delay block.

[0380] While the present invention has been described with
reference to separate drawings for convenience, a new
embodiment may be implemented by combining embodi-
ments described in the drawings. When needed, designing a
computer-readable recording medium having recorded
thereon a program for executing the afore-described embodi-
ments of the present invention may fall within the scope of the
present invention.

[0381] The apparatus and method according to the present
invention are not limited to the above-described embodi-
ments. The whole or part of each embodiment may be selec-
tively combined with that of another embodiment so as to
make various modifications to the embodiments.

[0382] The broadcast signal transmission/reception
method according to the present invention can also be embod-
ied as processor-readable code on a processor-readable
recording medium. The processor-readable recording
medium is any data storage device that can store data which
can be thereafter read by a processor. Examples of the pro-
cessor-readable recording medium include read-only
memory (ROM), random-access memory (RAM), magnetic
tapes, floppy disks, optical data storage devices and carrier
waves (e.g., transmission through the Internet). The proces-
sor-readable recording medium can also be distributed over
network coupled computer systems so that the processor-
readable code is stored and executed in a distributed fashion.

[0383] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the inventions. Thus, it is intended that the present invention
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covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

[0384] In addition, the disclosure describes both a product
invention as well as a method invention, and descriptions of
both inventions may be complementarily applied as needed.

MODE FOR INVENTION

[0385] Various embodiments have been described in the
best mode for carrying out the invention.

INDUSTRIAL APPLICABILITY

[0386] The present invention is applicable to industrial
fields related to a broadcast signal transmission method,
broadcast signal reception method, broadcast signal trans-
mission apparatus, and broadcast signal reception apparatus.

1. A broadcast signal transmission method comprising:

encoding data pipe (DP) data based on a code rate,

wherein the encoding of the DP data comprises:

forward error correction (FEC)-encoding the DP data;

bit-interleaving the FEC-encoded DP data; and

mapping the bit-interleaved DP data to constellations
based on the code rate;

generating at least one signal frame by mapping the

encoded DP data; and

modulating data of the generated signal frame using an

orthogonal frequency division multiplexing (OFDM)
scheme and transmitting a broadcast signal comprising
the modulated data of the signal frame.

2. The broadcast signal transmission method according to
claim 1, further comprising signal space diversity (SSD)-
encoding the DP data mapped to the constellations,

wherein the SSD-encoding comprises:

grouping the DP data mapped to the constellations in units

of N cells; and

applying an NxN matrix to the grouped N cells,

wherein N denotes a number of dimensions of the SSD-

encoding.

3. The broadcast signal transmission method according to
claim 2, wherein N is one of 2, 3, and 4.

4. The broadcast signal transmission method according to
claim 2, wherein, if N is 3, the NxN matrix is expressed as
given by

+a +b +c
+c +a +b

+b +c +a

satisfying a=V 1-b*-c*.

5. The broadcast signal transmission method according to
claim 2, wherein the grouping of the DP data mapped to the
constellations in units of N cells further comprises grouping
each of real number components and imaginary number com-
ponents of the DP data mapped to the constellations, in units
of N cells.

6. The broadcast signal transmission method according to
claim 1, wherein the encoding of the DP data further com-
prises interleaving the DP data mapped to the constellations.

7. The broadcast signal transmission method according to
claim 6, wherein the interleaving of the DP data mapped to the
constellations further comprises:
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splitting the DP data into real number components and
imaginary number components and delaying the imagi-
nary number components; and

writing the delayed DP data in amemory based on a certain

cycle T and reading cells written in the memory using T
random interleavers.

8. A broadcast signal reception method comprising:

receiving a broadcast signal and demodulating data of a

signal frame comprised in the received broadcast signal,
using an orthogonal frequency division multiplexing
(OFDM) scheme;

parsing the signal frame by demapping data pipe (DP) data;

and

decoding the DP data based on a code rate,

wherein the decoding of the DP data comprises:

demapping the DP data from constellations based on the

code rate;

bit-deinterleaving the DP data demapped from the constel-

lations; and

forward error correction (FEC)-decoding the bit-deinter-

leaved DP data.

9. The broadcast signal reception method according to
claim 8, further comprising signal space diversity (SSD)-
decoding the DP data.

10. The broadcast signal reception method according to
claim 9, wherein a number of dimensions of the SSD-decod-
ing is one of 2, 3, and 4.

11. The broadcast signal reception method according to
claim 8, wherein the decoding of the DP data further com-
prises deinterleaving the DP data.

12. The broadcast signal reception method according to
claim 11, wherein the deinterleaving of the DP data further
comprises:

writing the DP data in a memory using T random deinter-

leavers and reading the DP data written in the memory
based on a certain cycle T; and

splitting the read DP data into real number components and

imaginary number components and delaying the real
number components.

13. A broadcast signal transmission apparatus comprising:

an encoding module for encoding data pipe (DP) data

based on a code rate,

wherein the encoding module comprises:

a forward error correction (FEC) encoding module for
FEC-encoding the DP data;

a bit interleaving module for bit-interleaving the FEC-
encoded DP data; and

a constellation mapping module for mapping the bit-
interleaved DP data to constellations based on the
code rate;

a frame building module for generating at least one signal

frame by mapping the encoded DP data; and

an orthogonal frequency division multiplexing (OFDM)

module for modulating data of the generated signal
frame using an OFDM scheme and transmitting a broad-
cast signal comprising the modulated data of the signal
frame.

14. The broadcast signal transmission apparatus according
to claim 13, further comprising a signal space diversity (SSD)
encoding module for SSD-encoding the DP data mapped to
the constellations,

wherein the SSD encoding module groups the DP data

mapped to the constellations in units of N cells, and
applies an NxN matrix to the grouped N cells,
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wherein N denotes a number of dimensions of the SSD-
encoding.
15. The broadcast signal transmission apparatus according
to claim 14, wherein N is one of 2, 3, and 4.
16. The broadcast signal transmission apparatus according
to claim 14, wherein, if N is 3, the NxN matrix is expressed as
given by

+a +b +c

+c +a +b

+b +c +a

satisfying a:\/l -b*-c*.

17. The broadcast signal transmission apparatus according
to claim 14, wherein the SSD encoding module groups each
of real number components and imaginary number compo-
nents of the DP data mapped to the constellations, in units of
N cells.

18. The broadcast signal transmission apparatus according
to claim 13, wherein the encoding module further comprises
an interleaving module for interleaving the DP data mapped
to the constellations.

19. The broadcast signal transmission apparatus according
to claim 18, wherein the interleaving module for interleaving
the DP data mapped to the constellations splits the DP data
into real number components and imaginary number compo-
nents, delays the imaginary number components, writes the
delayed DP data in a memory based on a certain cycle T, and
reads cells written in the memory using T random interleav-
ers.

20. A broadcast signal reception apparatus comprising:

an orthogonal frequency division multiplexing (OFDM)

module for receiving a broadcast signal and demodulat-
ing data of a signal frame comprised in the received
broadcast signal, using an OFDM scheme;

a frame parsing module for parsing the signal frame by

demapping data pipe (DP) data; and

a decoding module for decoding the DP data based on a

code rate,

wherein the decoding module comprises:

a constellation demapping module for demapping the DP

data from constellations based on the code rate;

a bit deinterleaving module for bit-deinterleaving the DP

data demapped from the constellations; and

a forward error correction (FEC) decoding module for

FEC-decoding the bit-deinterleaved DP data.

21. The broadcast signal reception apparatus according to
claim 20, further comprising a signal space diversity (SSD)
decoding module for SSD-decoding the DP data.

22. The broadcast signal reception apparatus according to
claim 21, wherein a number of dimensions of the SSD-de-
coding is one of 2, 3, and 4.

23. The broadcast signal reception apparatus according to
claim 20, wherein the decoding module further comprises a
deinterleaving module for deinterleaving the DP data.

24. The broadcast signal reception apparatus according to
claim 23, wherein the deinterleaving module for deinterleav-
ing the DP data writes the DP data in a memory using T
random deinterleavers, reads the DP data written in the
memory based ona certain cycle T, splits the read DP data into
real number components and imaginary number components,
and delays the real number components.

#* #* #* #* #*



